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ABSTRACT 
The Middle and Upper Paleolithic periods encompass a vast time span in 
which a remarkable amount of human biological and cultural change occurred. 
The period saw not only the emergence of anatomically modem humans, but also 
of so-called fully_modem human behavior. Archaeologically, the appearance of 
fully modem behavior is usually equated with Early Upper Paleolithic 
assemblages from Africa, Southwest Asia and Europe. Originally viewed as a 
replacement of one culture by another on the basis of European evidence, the 
emergence of the Upper Paleolithic has been explained somewhat differently on 
the basis of Levantine evidence. Assemblages from several Levantine sites have 
been shown to contain evidence of a gradual transition from the Middle to Upper 
Paleolithic. 
The recent discovery and excavation of the rockshelter of Tor Sadaf 
provides a new opportunity to examine the technological changes that took place 
across the Middle to Upper Paleolithic transition and earliest Upper Paleolithic. 
Located in the Wadi al-Hasa, west of the Jordan Rift Valley, the site was 
excavated during 1999 and 1998. Excavations recovered more than 25,000 
chipped-stone artifacts from more than one meter of cultural deposits. 
Technologically and typologically, the lithic materials are diagnostic of the Middle 
to Upper Paleolithic transition and Early Upper Paleolithic. This study focuses on 
XIV 
a fine-grained technological analysis of the chipped-stone artifacts from Tor 
Sadaf, in an effort to understand how changes in lithic reduction strategies 
occurred during this critical time period in human prehistory. Analyses of cores, 
debitage and tools from the site are integrated to model how core reduction 
strategies evolved over time in response to changes in tool selectivity. 
Evidence from Tor Sadaf is also viewed in the context of the greater Levant 
through comparison with other contemporaneous assemblages. It is argued that 
the emergence of the Levantine Upper Paleolithic involved an autochthonous 
evolution from the Levantine Mousterian. This evolutionary change is probably 
related to changing mobility and subsistence strategies that occurred in the 
vicinity of ca. 40 thou~and years ago. The analysis is also used to suggest new 
criteria for distinguishing be0tween transitional and Early Upper Paleolithic 
assemblages. 
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CHAPTER I 
INTRODUCTION 
The Levantine Middle and Upper Paleolithic periods represent a vast span 
of time, from perhaps 350 to 17 thousand years ago (KYA)(Bar-Yosef 1998). Not 
surprisingly, such broadly defmed chronological periods are characterized by 
immense variability. Biologically, significant changes occurred during this period, 
as represented by the emergence of both Neandertal and modem human 
populations. Archaeologically, the greatest degree of variability from the Middle 
and Upper Paleolithic is preserved in the form of chipped stone artifacts. 
Although the study of chipped stone artifacts has long stood as one of the staples 
of archaeological research, the interpretation of these enigmatic assemblages 
continues to pose serious interpretive problems in the study of prehistory. The 
current study focuses on one of the most important and problematic periods of 
the Paleolithic - the Late Middle and Early Upper Paleolithic. The chipped stone 
assemblage from the recently discovered site of Tor Sadaf is used to shed light on 
the critical period of transition that occurred between these two cultural entities. 
In recent decades, archaeological investigations into the Middle and Upper 
Paleolithic of the Levant have become increasingly important in our 
understanding of the people and environments of this critical time period of 
human biological and cultural evolution. The increased attention to the Near 
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East comes for a variety of reasons. An abundance of sites have been located and 
excavated, showing that the region was the locus of important long-term 
occupation and evolution for early human groups during the Late Pleistocene. 
The Near East also represents an important area of research for understanding 
the origins of modem humans. The location of the Levant, at the intersection of 
Africa and Southwest Asia makes the region a perfect setting for testing the well-
known Out-of-Africa theory of human origins (Bar-Yosef 1998, Kaufman 1999). 
Evidence from the Levant has played an important role in generating new 
understandings of the Middle and Upper Paleolithic. Initially, archaeological 
investigations into these periods were characterized by a strong bias toward 
systematics and research paradigms developed in Europe, where the majority of 
early Paleolithic research had been conducted (Marks 1983b). Evidence from 
Europe indicated thatthe relationship between the Middle and Upper Paleolithic 
periods was one of strict replacement. It was thought that the emergence of the 
Upper Paleolithic came as a result of modem humans (and their attendant 
modem behaviors) replacing Neandertal populations (e.g. Neuville 1934). Upper 
Paleolithic technology was thought to represent the adaptive behavioral complex 
that gave modem humans their competitive edge over their Neandertal 
predecessors. 
Beginning early in the twentieth century, evidence from the Levant 
suggested the need for a reevaluation of the relationship between the Middle and 
Upper Paleolithic. The need for a reevaluation was based on the presence of 
numerous assemblages described as having "mixed" Middle and Upper Paleolithic 
attributes, suggesting that the region may have seen a gradual evolutionary 
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transition between the two periods (Garrod 1951, 1955). Further, fossil evidence 
showed that no clear correlation existed between chipped stone assemblages and 
hominid types. Although many of the initially so-called transitional assemblages 
were eventually discredited, most prehistorians came to agree that a transitional 
industry was present in the Levant by approximately 46 KYA following the 
discovery of the site of Boker Tachtit in the central Negev Desert in the 1970s 
(Marks 1977, 1983a). Marks and his colleagues documented the transition from 
the Middle to Upper Paleolithic as a shift in core reduction strategies - an 
essentially technological change (Marks 1983b, Marks and Kaufman 1983, 
Volkman 1983). They further hypothesized that the assemblage from the most 
recent level at Boker Tachtit (Level 4) was the direct ancestor of the Early 
Ahmarian true blade technology witnessed at the site of Boker (Marks and 
Ferrring 1988). 
Until very recently, Boker Tachtit stood as the only well understood site 
representing the Middle to Upper Paleolithic transition. Although widely accepted 
as a transitional sequence, it has never been completely demonstrated that the 
assemblages from the site are either the direct descendants of a local Levantine 
Mousterian, or the direct ancestors of a local Early Upper Paleolithic industry. 
However, the recent discovery of the rockshelter of Tor Sadaf has provided a 
much-needed improvement in the database from the Middle to Upper transition 
and very early Upper Paleolithic. Originally located during the 1992 season of 
Clark's Wadi al-Hasa North Bank Survey (Clark et al. 1992, 1994), the site was 
first tested during the 1997 and 1998 seasons of the Eastern Hasa Late 
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Pleistocene Project directed by Coinman and Olszewski (Olszewski et al. 1998, 
Coinman et al. in press). 
Tor Sadaf is located along a secondary drainage to the main Hasa Basin. 
Over one meter of cultural deposits has been excavated from eight lxl m units at 
the site. These excavations recovered a large volume of bone and chipped stone 
artifacts. Technologically, the chipped stone materials appear to date to the 
period of transition between the Middle and Upper Paleolithic (Fox 1999a,b). The 
current study is focused specifically on the chipped stone assemblage from the 
site. The overall objective is to develop an understanding of the technological 
changes that occurred at the site over time and to use this understanding to 
contribute to a broader understanding of the nature of the Middle to Upper 
Paleolithic transition. Special attention is paid to core reduction strategies as 
they relate to blank production and blank selectivity. 
Chapter Two provides a body of background information necessary for 
placing Tor Sadaf into the larger context of the Levant. Environmental evidence 
from the prehistoric database is described in light of the modern environmental 
conditions of the region. A brief history of research into the Levantine Middle and 
Upper Paleolithic periods provides a context in which to discuss our current 
understanding of these periods, based largely on the greatly augmented database 
generated in the last 30 years. Particular attention is focused on highlighting 
current research questions concerning what the emergence of the Upper 
Paleolithic represents. Debate often centers on parallel lines of reasoning to the 
modern human origins debate - the transition is typically modeled in terms of 
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evolutionary or revolutionary mechanisms (e.g. Marks 1983b, Hovers 1998, Bar-
Yosef 1998). 
In Chapter Three, I introduce the site of Tor Sadaf and present a detailed 
description of the site's local environment and resources. I also provide a 
description of the range of materials recovered from the site. A summary of the 
excavation strategies, sediments and stratigraphy at the site is also provided. The 
objective of this chapter is to introduce the site in the context of the Hasa Basin 
and local. environment. 
Methods of data collection and analysis are described in Chapter Four. 
The analysis is driven by the desire to collect data on attributes that are 
technologically informative. The analysis intentionally avoids an in depth 
discussion of assemblage anq. tool typology, and instead focuses on those 
attributes that hold clues to core reduction strategies, flaking mode, blank 
production and blank selectivity. Sampling strategies, data collection and 
analytical tools are discussed in detail. 
Analyses are presented in the two subsequent chapters. Chapter Five 
focuses on the assemblage from Tor Sadaf itself and explores the technological 
changes that occurred over time at the site. Analyses are used to infer changes in 
core reduction strategies that led to the emergence of the Upper Paleolithic at the 
site. These changes are illustrated by dividing the lithic materials from the site 
into three stratigraphically and technologically defmed occupation periods. A 
variety of quantitative, statistical and graphical representations are used to 
demonstrate the technological shifts that occurred at the site. 
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In Chapter Six I compare data from the Tor Sadaf lithic materials with data 
from other transitional and Early Upper Paleolithic contexts in the Levant. The 
objective of this chapter is to explore correlations in lithic technology across the 
region in order to place Tor Sadaf into a sound chronological framework. This 
chapter will also allow an assessment of the current range of variability in what is 
considered transitional and Early Upper Paleolithic. 
The final chapter summarizes the results discussed in Chapters Five and 
Six. Results of the analyses from Tor Sadaf and other Middle /Upper Paleolithic 
sites are used to suggest some generalized conclusions regarding the emergence 
of the Levantine Upper Paleolithic. The nature of the Middle to Upper Paleolithic 
transition is discussed in reference to the evolution/revolution dichotomy with 
reference to the new evidence from Tor Sadaf. Possible causes of innovations that 
resulted in the emergence of the Upper Paleolithic are also suggested. Finally, a 
review of current taxonomic classifications of Middle, transitional and Upper 
Paleolithic assemblages is presented with new recommendations that may 
improve the clarity and precision of terminology. 
7 
CHAPTER II 
THE MIDDLE AND UPPER PALEOLITHIC PERIODS 
OF THE LEVANT 
INTRODUCTION 
The objective of this chapter is to review the history and current state of 
Paleolithic research in the Levant. This discussion provides the necessary 
chronological and interpretive context in which Tor Sadaf must be viewed. The 
first section reviews the current and prehistoric environmental and topographic 
landscapes of the Levant. Following this, a general overview of the history and 
current state of Paleolithic archaeology in the Levant is presented, with particular 
attention paid to the Middle and Upper Paleolithic periods. Discussion of the 
current state of Paleolithic archaeology will focus on the Late Levantine 
Mousterian, the Middle to Upper Paleolithic transition and the Early Upper 
Paleolithic. Preliminary analyses have shown that the occupations at Tor Sadaf 
are technologically related to lithic materials from other parts of the Levant that 
date to this general time period (Fox 1999a, b). 
Environmental data has long played a key role in the study of Paleolithic 
hunter-gatherers since many explanatory and descriptive models employed by 
archaeologists rely on environmental and ecological variables as major sources of 
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cultural change. Environmental change is often thought to generate adaptive 
shifts in hunter-gatherer groups in terms of settlement and subsistence (e.g. 
Binford 1980, Marks and Freidel 1977, Clark 1984). Although new methods of 
examining paleoenvironmental data are abundant, our knowledge of the 
prehistoric environmental. settings of the Levant remains somewhat patchy, 
partially due to the marked topographic and phytogeographic variability of the 
region. This variability has presented favorable conditions for the existence of 
microenvironments and localized habitats throughout the region. However, most 
researchers agree that the environment of the Levant was more favorable during 
the Late Pleistocene than the environment of today, which is generally extremely 
arid and warm. 
The discussion of the Middle Paleolithic is focused on evidence from the 
Late Levantine Mousterian. The commonly used chronology of Levantine 
Mousterian assemblages is based on seriated changes in the lithic assemblages 
from the stratified sequence of occupations at the site ofTabun (Jelinek 198la,b; 
Bar-Yosef 1989, 1998). Both technologically and typologically, the Levantine 
Mousterian remains relatively poorly understood, particularly during the Late 
Middle Paleolithic. The problems associated with this period stem from a meager 
database and disagreement on the proper interpretation of lithic assemblage 
variability. It is also important to note that both anatomically modern humans 
(AMHs) and Neandertals have been found in association with Middle Paleolithic 
assemblages in the Levant. The lack of archaeologically defined differences 
between AMHs and Neandertals during the Levantine Middle Paleolithic has had 
important implications for the modern human origins debate. 
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Equally problematic has been explaining how the transition to the Upper 
Paleolithic occurred. The emergence of the Upper Paleolithic in the Levant shows 
a marked contrast with evidence from Europe, from which most of the interpretive 
framework for analyzing Paleolithic assemblages has come. The Middle to Upper 
Paleolithic transition has become the focus of a great deal of research in the last 
twenty years, largely as a result of its implications for the origins of modern 
humans and the evolution of modern human behavior. Although interest in the 
Middle to Upper Paleolithic transition has waxed and waned over the last century 
of research, only since the excavation and publication of the site of Boker Tachtit 
(Marks and Kaufman 1983, Marks 1983b, Volkman 1983, Marks and Volkman 
1983b) have prehistorians been in a position to discuss this transition on the 
basis of strong empirical evidence. The recent discovery of Tor Sadaf permits the 
addition of important new empirical evidence from this key time period in human 
behavioral evolution. 
The Levantine Upper Paleolithic has also received considerable attention in 
recent years,. both as a result of an impressively growing database and because of 
the recognition that the Levantine Upper Paleolithic represents a sequence of 
human adaptation that contrasts with evidence drawn from Europe (Marks and 
Ferring 1988). Originally understood solely on the basis of European systematics 
and the excavation of a handful of deeply stratified cave sites, the Levantine 
Upper Paleolithic has emerged since the 1970s as an important archaeological 
entity (Marks and Ferring 1988, Ferring 1988, Bar-Yosef and Belfer-Cohen 1988). 
Excavation of numerous open-air and rockshelter sites has resulted in the 
recognition of a great deal of variability in Upper Paleolithic assemblages. The 
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Early Upper Paleolithic of the region is of particular importance, given the 
widespread notion that it is descended directly from the local Mousterian 
industries (Marks 1983b, Marks and Ferring 1988). The exact nature of the 
transition and origin of the earliest Upper Paleolithic remains hypothetical at this 
point (Marks and Ferring 1988). 
GEOGRAPHIC AND ENVIRONMENTAL SETTINGS OF THE LEVANT 
Modern Environments 
Although the Levant is not geographically extensive in size, the region 
shows marked topographic and physiographic diversity (Bar-Yosef 1999). Its 
northern extent is dep.ned by the Taurus Mountains, and in the south by the 
Sinai Peninsula. The eastern shores of the Mediterranean form the western 
boundary, and it extends over 300 kilometers inland to the eastern Syro-.Arabian 
Desert (Bar-Yosef 1980, 1999). This geographic province includes most or all of 
the modem nations of Syria, Lebanon, Jordan and Israel. The region is 
characterized by marked seasonality, with warm, dry summers and cool, 
relatively moist winters (Henry 1995:15; Bar-Yosef 1999:144). 
The variable physiographic character of the Levant has been described as 
having three main bands: the coastal strip and adjacent mountains, the low-lying 
Jordan rift, and the eastern mountains and plateaus (Bar-Yosef 1980, 1998). 
These three main bands are in tum characterized by three main environmental 
zones, which exist largely as a function of elevation (Henry 1995: 15). 
Mediterranean park-woodland settings are relatively moist (>300 mm annual 
rainfall), exist above ca. 1300 meters above sea level (masl), and are characterized 
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by relatively high moisture regimes and dispersed stands of juniper and pistachio 
(Henry 1994:336). Steppic environments are more arid (200-300 mm annual 
rainfall), exist between elevations of 1300 and 1000 masl, and are characterized 
by shrub and lrano-Turanian steppe vegetation communities. The very arid 
(<200 mm annual rainfall) Saharo-Arabian environment lies below 1000 masl and 
is characterized by very sparse desert grasses, sage and scrub (Henry 1994, Bar-
Yosef 1998). 
These three phytogeographic zones are also thought to have formed the 
basis of the Late Pleistocene environments of the Levant, but with different 
boundaries and elevational constraints. In general, the Late Pleistocene of the 
region is thought to have been more favorable than today in terms of precipitation 
and plant and animal communities available for human exploitation (Horowitz 
1976, Goldberg and Brimer 1983, Bar-Yosef 1998, Schuldenrein 1998). 
Paleoenvironments 
Despite decades of research, paleoenvironmental modeling in the Levant 
remains patchy and coarse grained. One important reason for this concerns 
problems in correlating the chronology represented in different types of evidence 
such as lake pollen cores, archaeologically recovered pollen samples, radiocarbon 
dates, and deep sea cores (Bottema and Van Zeist 1981). Attempts to summarize 
the climatic and environmental episodes of the region typically result in vague 
discussions pointing out periods that appear relatively "moist" or "dry" and 
"warm" or "cool'' (e.g. Clark 1984:Table 1). Compounding the difficulty of 
generating an overall environmental history of the Levant is the considerable 
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topographic and physiographic variability of the region. Such variability is 
responsible for the existence of numerous microenvironments that do not 
conform simplistically to changes in global or regional climate. 
The majority of paleoclimatic evidence from the Levant comes from the 
central and southern areas, where the most intensive research has occurred in 
recent years. The most important data from the southern Levant come from a 
handful of projects focused in the Central Negev (Marks 1976, 1977, 1983a), the 
Sinai Peninsula (Gladfelter 1990, 1997), Southern Jordan (Henry 1995), and the 
Wadi al-Hasa (Coinman 1998a). 
Middle Paleolithic Environments. Evidence from both pollen and 
sediment records suggest that the Middle Paleolithic period prior to 75 thousand 
years ago (KYA) represents one of the wettest periods recorded in the prehistory of 
the Levant. The extremely active hydrology of the region is represented by 
abundant deposition of gravels, sands, conglomerates and travertines (Goldberg 
1981), demonstrating high-energy flow along remnant terraces (Goldberg and 
Brimer 1983, Hassan 1995, Schuldenrein and Clark 1994:48-49). 
Although pollen samples from Late Mousterian contexts are rare, 
palynological data at least does not contradict the geomorphologic picture drawn 
here for the Late Middle Paleolithic. Horowitz ( 1976) has documented the pollen 
spectra from a Late Mousterian stratum at site D35 in the Central Negev. The 
samples show ca. 25% arboreal pollen, a remarkably high percentage, indicating 
the presence of a Mediterranean Woodland setting in the Central Negev prior to 
ca. 70 KYA in association with numerous fossil springs (Horowitz 1976:62-63). 
This is a marked contrast to the modem environment of the Central Negev, which 
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is strictly desertic, with only remnant stands of steppe and woodland settings 
located in isolated upland areas (Munday 1976). Similar high ratios of arboreal 
pollen have been recovered from the Mousterian layer Tabun B (Horowitz 
1979:250-253). The overall conclusion to be drawn from this evidence is that the 
Levantine Middle Paleolithic prior to 70 KYA was characterized by significantly 
more hospitable climates than today. Higher levels of hydrologic activity and 
precipitation would have resulted in an extension of the Mediterranean Woodland 
phytogeographic belt into many areas that appear today as steppe and desert. 
Considerable attention has been paid to identifying significant 
environmental changes occurring at the terminal Middle and Early Upper 
Paleolithic boundaries. It is often presumed that such a climatic shift could be 
related to the cultural and technological changes that gave rise to the Upper 
Paleolithic. Currently, there appears to be a general consensus that the terminal 
Mousterian (after 60 KYA), corresponding to the early part of Oxygen Isotope 
Stage 3 (OIS 3), saw the start of a significant drying trend that brought relatively 
arid conditions that lasted throughout the Upper Paleolithic (Shackleton and 
Updike 1973). The start of this drying trend is represented by widespread 
downcutting and erosion in the region (Bar-Yosef 1989:602-603; Goldberg and 
Brimer 1983:9-10; Hassan 1995:28-29). 
The widespread terminal Mousterian drying trend is probably related only 
to precipitation, and was mitigated in areas surrounding the Jordan Rift by the 
formation of Pleistocene Lake Lisan, which began to form by ca. 70-63 KYA (Begin 
et al. 1985, Kaufman et al. 1992, Yechieli et al. 1993). The formation of Lake 
Lisan has been linked with high global sea levels, high moisture regimes in the 
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Mediterranean basin to the west, and the formation of smaller lakes in the 
peripheral drainages (especially on the eastern margin) that feed into the Jordan 
Rift (Schuldenrein and Clark 1994:49-50; Macumber and Head 1991; Gat and 
Magaritz 1980). Thus, even periods of relative aridity in the Levant, such as the 
terminal Middle Paleolithic, are marked in certain areas by high lake stands and 
water tables. Such factors complicate the paleoenvironmental scenario in the 
Levant beginning from ca. 70 KYA. 
Upper Paleolithic Environments. The Early Upper Paleolithic Period is 
characterized by a continuation of the drying trend that began during the 
terminal Middle Paleolithic. Pollen samples from southern Jordan and the 
Central Negev suggest very arid conditions, with a decrease in arboreal pollen 
indicating a shift to more steppe and desert like conditions (Horowitz 1976, 1983; 
Emery-Barbier 1995). This period corresponds with the latter part of OIS 3, and 
lasts until ca. 32 KYA (OIS 2), when a slight climatic amelioration is evidenced. 
Although palynological evidence suggests that the climatic amelioration of 
ca. 32 KYA did not result in the expansion of the relatively lush Mediterranean 
Woodland into desert areas as was seen during the Middle Paleolithic, there is 
development of extensive marsh and palludal environments throughout the 
circum-Jordan Valley and Sinai areas. The presence of lakes and ponds is 
represented by formation of numerous thin, stratified paleosols (Coinman 1993, 
in press; Gladfelter 1990, 1997; Belfer-Cohen and Goldberg 1982; Begin et al. 
1974). By the very Late Upper Paleolithic (ca. 25-20 KYA), another climatic 
deterioration begins, in the form of extremely arid and cool conditions (Horowitz 
1976). This cool, dry period corresponds with late OIS 2, and the last glacial 
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maximum when sea levels reached ca. 130 m. below modern levels (Van Andel 
1989). 
The climatic patterns evidenced in the Central Negev have been used to 
make inferences concerning cultural evolution in the area. Horowitz ( 1983) has 
described the period at the end of the Middle Paleolithic and Upper Paleolithic as 
"pulses" of extreme climatic stress in the form ofve:ry arid conditions. Marks and 
Freidel ( 1977) have suggested that such climatic deterioration caused a change in 
resource distribution across the landscape, resulting in new modes of hunter-
gatherer settlement and subsistence. Such changes in mobility and subsistence 
strategies could have acted as "prime movers" in the transitions from the Middle 
to Upper Paleolithic and Upper to Epipaleolithic. For the Middle to Upper 
Paleolithic, this possibility is further explored below. 
HISTORY OF PREHISTORIC RESEARCH 
Archaeological investigations in the Levant during the early part of this 
centu:ry sought to understand the Levantine Middle and Upper Paleolithic periods 
in terms of what was thought to be a well understood European Paleolithic 
sequence (Bar-Yosef 1998:39-41; Coinman 1990:12-14). The paradigm of the 
time is perhaps most clearly seen in the use of European assemblage type names 
that were imported for use in the Levant. Middle Paleolithic assemblages were 
described as either "Mousterian" (dominated by retouched pieces) or "Levallois" 
(dominated by classic Levallois products)(Bar-Yosef 1998:39). Upper Paleolithic 
assemblages were similarly classified using European taxonomies, such as 
Aurignacian and Magdelanian (Coinman 1990:12). 
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Conceptually, views of the Paleolithic period were closely linked to concepts 
of stratigraphy commonly used in geology. The Paleolithic was viewed as a 
unilineal developmental sequence, that led through a series of stages that could 
be defined on the basis of deeply stratified type-sites, where a long sequence 
could be observed. The developmental stages identified at such type-sites could 
be used for the relative dating of less permanent sites. In this way, type-sites 
were used to define Paleolithic cultural evolution on a grand scale. Stages within 
sites were defined on the basis of descriptive attributes of the assemblage as well 
as the presence of type-fossils (fossiles directeur). 
In addition to the presumed correlation between assemblage types and 
temporal phases during the Paleolithic, early research was also guided by the 
assumption of a correlation between cultural and biological evolution. Based 
largely on evidence and biases generated in Europe, it was assumed that Middle 
Paleolithic assemblages were the products of the Neandertals, while Upper 
Paleolithic assemblages were the products of modem humans (Marks 1989). As a 
result of this presumed correlation between lithic assemblage and hominid types, 
the issue of modem human origins became inextricably linked to the transition 
from the Middle to Upper Paleolithic. This assumption led to considerable 
confusion during early research in the Levant (which I will discuss further below), 
and sparked a debate that remains at the center of paleoanthropology and 
Paleolithic archaeology to this day (Clark and Lindly 1989, Mellars 1989, Marks 
1990, Kaufman 1999). 
The remainder of this discussion will focus on each of the main 
chronological/ cultural periods of interest: the Middle, Middle to Upper, and Upper 
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Paleolithic periods. Each period will be discussed in light of the historical 
trajectory just introduced and more recent evidence and concepts. 
The Middle Paleolithic 
Beginning in the early part of this century, it was recognized that the 
Levantine Middle Paleolithic differed in important ways from its European 
counterpart. The dichotomy used to define Middle Paleolithic assemblages in 
Europe was based on frequencies of Levallois elements (indicating Levallois 
assemblages) and retouched pieces (indicating Mousterian assemblages)(Garrod 
1928; Garrod and Bate 1937; Bar-Yosef 1998:39). Levantine sites such as Tabun 
produced assemblages rich in both kinds of elements, resulting in Garrod's 
creation of a new taxon, the Levalloiso-Mousterian (Garrod and Bate 1937) or 
Levantine Mousterian. The sequence of assemblages recovered from Tabun was 
used to create the major evolutionary framework that still forms the taxonomic 
basis of the Levantine Mousterian (Jelinek 198la,b; Bar-Yosef 1998:44-48). Bar-
Yosef ( 1998) has provided a detailed review of the Middle Paleolithic chronology 
based on available sites and dates, and the following descriptions draw heavily 
from that summary. 
Based on recent interpretations, the Middle Paleolithic assemblages of the 
Levant can be divided into two temporally distinct periods: the Acheulo-Yabrudian 
assemblages and the Levantine Mousterian assemblages (Bar-Yosef 1998:41; 
Jelinek 198la,b). Acheulo-Yabrudian assemblages have been documented in 
deeply stratified cave sites such as Yabrud, Adlun and Tabun, where it is overlain 
by the earliest Levantine Mousterian facies (Bar-Yosef 1998:44). For the purpose 
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of this discussion, I will focus on the Levantine Mousterian assemblages, as these 
are temporally more relevant for the site of Tor Sadaf and the Middle to Upper 
Paleolithic transition. 
The Tabun D-type assemblage represents the oldest Levantine Mousterian 
material recovered from Tabun, and is dominated by elongated flakes and blades, 
usually produced from unipolar cores. Cores were reduced using both 
unidirectional and bi-directional strategies. Bi-directional flaking was 
presumably related to the need to shape the distal aspect of the core face for the 
production of pointed blades and points (Bar-Yosef 1998:44). These assemblages 
are characterized by a relatively high frequency of retouched pieces (by Levallois 
standards), including a number of Upper Paleolithic tool forms, such as burins. 
Retouched and unretouched elongated Levallois points are also common. 
Tabun D assemblages have been recovered from a wide range of areas of 
the Levant (Bar-Yosef 1998:44)(see Figure 2.1), including the Judean Desert 
(Neuville 1951; Meignen 1994, 1995), the Central Negev highlands (Crew 1976, 
Marks and Monigal 1995), the Wadi Hasa Basin (Clark and Lindly 1987), the 
Galilee (Meignen 1998), Yabrud I (Solecki and Solecki 1995), the Palmyra Basin 
(Schroeder 1969) and Douara Cave (Nishiaki 1989). The only dates available for 
these assemblages are by means of thermoluminescence (TL) and electron spin 
resonance (ESR). Dates from the sites of Tabun, Hayonim and Ain Difla all 
suggest that Tabun D assemblages date to a very wide time range, possibly from 
270-170 KYA (Mercier et al. 1995, Bar-Yosef 1998:44-46). 
Tabun C-type assemblages are characterized by oval/rectangular flakes 
and small numbers of triangulated or elongated points. Blanks are removed from 
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cores using a radial (or occasionally bi-directional) strategy (Bar-Yosef 1998:47). 
Flakes and points are abundant, and are usually characterized as oval in shape. 
Tabun C-type assemblages have been recovered from Qafzeh (Hovers 1997). 
Tabun C (Jelinek 1981a). Skhul and Naame (Fleisch 1970), and Hayonim Upper E 
(Bar-Yosef 1998:47). Averages of TL and ESR dates from Tabun C-type 
assemblages suggest that the time range for Tabun C is ca. 170-90/85 KYA (Bar-
Yosef 1998:Table 1). 
Tabun B-type assemblages are characterized by flakes and broad-based 
triangular points produced using the Levallois recurrent metlwd (Boeda 1988, 
Marks and Monigal 1995, Meignen 1995). With this type of Levallois technique, 
cores are prepared and reduced using a unipolar, unidirectional technique that 
differs from classic, radial Levallois techniques (Meignen 1995:361-361). 
Assemblages of this type are known from Kebara (Meignen 1995, Meignen and 
Bar-Yosef 1991), Tabun B (Copeland 1975), Bezez B (Copeland 1983), Erq el-
Ahmar (Neuville 1951), Tor Faraj and Tor Sabiha (Herny 1995), and Amud 
(Hovers 1991). TL, ESR and amino acid racemization dates all support the notion 
that Tabun B-type assemblages occur primarily after 90/85 KYA (Bar-Yosef 
1998:Table 1). 
Although the applicability of the Tabun type-sequence for the entire Levant 
remains open to question, no clear taxonomic concept exists to displace it. 
_Problems of chronology are deeply compounded by the lack of precision dating 
methods available for this key time period. TL and ESR dates are associated with 
extremely large standard deviations and are subject to problems depending on 
uptake rates (Bar-Yosef 1998). For example, TL and ESR dates from Ain Difla 
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suggest that the Tabun D assemblage from the site may date as late as 100 KYA 
(Bar-Yosef 1998:Table 1), calling the hypothetical temporal boundaries ofTabun 
D-type assemblages (and indeed the entire Tabun type-sequence) into serious 
question. 
The Middle to Upper Paleolithic Transition 
Prior to the 1950s, the difference between the Middle and Upper Paleolithic 
periods in both Europe and the Near East was assumed to be the result of 
behavioral and biological differences between anatomically modern humans and 
Neandertals. In the Near East, when assemblages that carried traits of both 
periods were discovered, the "mixed" nature of these assemblages was either 
ignored (Neuville 1934) or dismissed as the result of post-depositional 
disturbance (Garrod and Bate 1937:22-27). The Middle and Upper Paleolithic 
periods could be seen as the material culture differences between archaic 
(Neandertal) and modern (essentially Cro-Magnon) populations·(Neuville 1934; 
Marks 1983b:52). 
The existence of a Middle to Upper Paleolithic transitional industry was 
first suggested by Garrod (1951, 1955). Garrod's suggestion came as a result of a 
growing body of evidence suggesting a widespread phenomenon of lithic 
assemblages characterized by "mixed" Middle and Upper Paleolithic elements 
(Marks 1983b:53-55). Garrod based this interpretation on her own excavations at 
the Lebanese site of el-Wad, but also on recent work at the nearby cave sites of 
Abu Halka (Haller 1946) and Ksar Akil (Ewing 1947; Marks 1983b:54). Shortly 
after, Garrod found additional support for her hypothesis on the basis of 
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Neuville's (1951) work in the Judean desert at the sites of Qafzeh and et-Tabban 
(Marks 1983:52; Garrod 1951, 1955). 
Garrod named the hypothetical industry the Emiran after the type-site of 
Emireh cave (Garrod 1951, 1955; Marks 1983b:54). The type-fossil (fossile 
directeur) of the Emiran industry was the Emireh point. These points had been 
recovered from a variety of alleged transitional contexts and were described 
essentially as basally thinned Levallois points. The Emiran industry was also 
characterized by an abundance of Levallois flakes mixed in with increasing 
proportions of blades and blade-cores (Marks 1983b:55). 
Garrod's model of the Emiran and the Middle to Upper Paleolithic 
transition was challenged over the years on several fronts (Stekelis 1964, Schick 
and Stekelis 1977, Binford 1968). However, it was an article by Bar-Yosef and 
Vendermeersch ( 1972) tb,at fmally discredited the Emiran concept on the basis of 
stratigraphic observations. Bar-Yosef and Vandermeersch (1972) demonstrated 
that all .of the cave and rockshelter sites of Palestine showed evidence of 
significant erosion and disturbance. These sites had been excavated. in an era 
when archaeological excavation strategies did not pay close enough attention to 
post-depositional disturbance. To compound this problem, reexamination of 
many of the older lithic materials thought to represent the Emiran (Neuville's 
Phase I) were found to be completely misconstrued by previous analyses 
(Copeland 1970, Ronen and Vandenneersch 1972). As Marks (1983b:57-58) has 
pointed out, the concept of the Emiran was discredited and abandoned almost 
over night. 
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With the Emiran called into question, understanding of the Middle to 
Upper Paleolithic transition, and the question of whether such a transition really 
ever occurred in the Levant, became issues only amenable to speculation. The 
only sites that still appeared to have any stratigraphic integrity and a possible 
transitional component were Ksar Akil, Antelias and Abu Halka in Lebanon. All 
three assemblages suffered from serious sampling problems - sediments were not 
screened during excavation of the sites, and how artifacts were selected for 
collection remains unknown. Moreover, since no detailed publication of the Ksar 
Aki1 materials had ever been forthcoming, most scholars were unable to evaluate 
the materials in any way. The absence of Emireh points at Ksar Akil also 
indicated that the status of these points as fossiles directeurs was very doubtful. 
It was not until the late 1970s that a new opportunity for the study of the 
Levantine Middle to Upper Paleolithic transition presented itself. Discovery of the 
site of Boker Tachtit by the Central Negev Project, directed by Marks, represented 
the first opportunity for excavation and documentation of a Middle to Upper 
Paleolithic transitional site using modem methods (Marks 1977, 1983a). Marks 
and his colleagues (Marks 1983a, 1983b; Marks and Ferring 1988; Marks and 
Volkman 1983b) documented a series of four occupation "surfaces" at Boker 
Tachtit. These four surfaces record a gradual technological shift from an 
opposed-:platform Levallois technology to a single-platform blade technology. 
Volkman (1983) was able to reconstruct the core reduction strategies employed in 
each level through core reconstructions. Throughout all four occupations of the 
site, a toolkit dominated by Levallois points and essentially Upper Paleolithic 
forms (e.g. burins and endscrapers) is present. 
24 
The overall conclusions drawn by Marks (Marks 1983b, Marks and Ferring 
1988) from the Boker Tachtit excavation and analysis were as follows. First, the 
earliest occupation at the site (Level 1) represents a true Middle Paleolithic, 
Levantine Mousterian entity. Technologically, the assemblage resembles Tabun D 
assemblages, with an abundance of bi-directional Levallois points and their 
associated cores. With the exception of the Levallois points, the tools from Level 1 
contain mostly Upper Paleolithic tool types. Charcoal samples from the terminal 
Mousterian at the site (Level 1) suggest that it dates to >45 KYA (Marks and 
Ferring 1988). Across the following three levels, tool typology remains fairly 
stable, but marked changes in core reduction strategy occur. These changes in 
technology culminate in the emergence of what Marks and Ferring ( 1988) call the 
"Initial Upper Paleolithic" - an assemblage dominated by unidirectional blade and 
point cores. Levallois points ~till dominate the toolkit, but are produced using 
what Marks describes as a non-Levallois reduction strategy (Marks 1983b:74-77; 
Marks and Ferring 1988:52-54). Thus, the Middle to Upper Paleolithic transition 
appears at Boker Tachtit primarily as a technological, rather than typological, 
change. 
Excavations at Boker Tachtit also recovered numerous Emireh points in · 
truly transitional contexts (Levels 1-3). This feature of the transitional 
assemblage has surprised even Marks, who has repeatedly pointed out his 
distaste for the type-fossil concept (Marks 1983b:86). Nonetheless, the 
occurrence of Emireh points at Boker Tachtit has reopened the question of 
whether these points represent a truefossile directeur of the transition (Volkman 
and Kaufman 1983). This has also resulted in some authors reviving the name 
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"Erniran" for the transitionalindustry at Boker Tachtit (e.g. Bar-Yosef 1998:Table 
1). 
Based on the technology and stratigraphy of the site, Marks and Ferring 
(1988) argued that the initial Upper Paleolithic at Boker Tachtit (Level 4) directly 
gave rise to the industry seen at the nearby site of Boker, Area A. The 
assemblage from Boker A represents a true blade technology, where large 
numbers of blades were removed from single-platform cores by use of soft-
hammer and punch techniques (Jones et al. 1983). The relationship of the two 
sites is an important aspect of Marks' argument, since the industry seen at Boker 
A is the well known and widely distributed Early Ahmarian industry (see below). 
If indeed the Emiran or transitional industry at Boker Tachtit was the 
predecessor of the Early Ahmarian, then it is clear that the emergence of the 
Upper Paleolithic represents a local technological innovation (Marks 1983b). 
In light of the new evidence from Boker Tachtit, a fresh look was also taken 
at the Ksar Akil materials in the 1980s (Marks 1983b, Azoury 1986, Ohnuma and 
Bergman 1990). Although problems with excavation and collection strategies 
used at the site complicate any attempt to gain a fine-grained understanding of 
the evolution oflithic technology at the site (Ohnuma and Bergman 1990:94), 
reexamination of the material has provided some insight into the transitional 
nature of the assemblage. First, it has been shown that there is in fact a 
stratigraphic and technological break between the Levantine Mousterian and 
transitional levels at Ksar Akil (Ohnuma and Bergman 1990). After this 
stratigraphic break, a series of levels (XXIV-XXI) represent what appears to be a 
single-platform blade/point technology similar to that seen in Boker Tachtit Level 
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4 (Marks 1983b:63-66; Ohnuma and Bergman 1990:133-135). Typologically, 
Ksar Akil Levels XXIV-XXI has a high frequency of Levallois points (like Boker 
Tachtit), but only a single Emireh point, further suggesting that the assemblage 
may be contemporary with Boker Tachtit Level 4. 
Perhaps most importantly, there is a true blade technology overlying the 
transitional levels at Ksar Akil. Levels XX-XVIII are dominated by an opposed-
platform blade/bladelet technology (Ohnuma and Bergman 1990). Blades and 
bladelets were removed from cores using soft-hammer percussion or punch 
techniques. Thus Ksar Akil offers further support that a true blade technology 
(possibly the Early Ahmarian) emerged directly out of a transitional industry. 
Unfortunately, problems with the Ksar Akil assemblage have prevented this 
relationship from being clearly demonstrated. Arbitrary levels from Ksar Akil are 
so large (ca.>½ meter in thickness) as to raise serious questions about the 
stratigraphic relationships of artifacts recovered (Ohnuma and Bergman 
1990:94). Because of the extremely thick levels used in excavation of Ksar Akil, it 
remains possible that the sequence contains major stratigraphic breaks that are 
nearly impossible to detect. Nonetheless, the similarities to the assemblages at 
Boker Tachtit and Boker A have led to Ksar Akil being generally recognized as 
representing the northern variant of what Marks and Ferring (1988) have called 
the "initial" and Early Upper Paleolithic. 
The Early Upper Paleolithic 
Until relatively recently, the Levantine Upper Paleolithic was understood 
solely on the basis of a unilineal evolutionary development based largely on 
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systematics imported from Europe {Neuville 1934, Garrod and Bate 1937). The 
development of a unilineal sequence was accomplished through excavation of 
deeply stratified type-sites {Marks 1983b:51-54). The idea also held sway that the 
Early Upper Paleolithic represented the material culture of the earliest AMH in the 
Levant {Neuville 1934:249). 
Over the last 25 years, a series of archaeological investigations have 
revealed an abundance of Upper Paleolithic sites throughout the Levant, and 
especially in the south {Marks 1976, 1977, 1983a; Phillips 1987, 1988; Bar-Yosef 
and Belfer-Cohen 1977; MacD.onald et al. 1980, 1982, 1983; Clark et al. 1992, 
1994; Gilead and Bar-Yosef 1993; Coinman and Herny 1995). From the 1970s 
on, it was recognized that the unilineal sequence that had dominated thinking 
surrounding the Upper Paleolithic did not account for the variability observed in 
many of these sites. In 1981, Marks {1981 b) and Gilead {1981) proposed a model 
of Upper Paleolithic variability. Sometimes called the "two traditions" model 
{Bergman and Goring-Morris 1987), it suggested that Levantine Upper Paleolithic 
assemblages could be divided into two main groups: Levantine Aurignacian and 
Ahmarian {Gilead 1981, Marks 1981b). Although this model has been criticized 
{Goring-Morris 1987, Williams 1997a:33-36), it continues to be the common 
classificatory scheme for Levantine Upper Paleolithic assemblages. As the name 
implies, the Levantine Aurignacian resembles the European Aurignacian. These 
assemblages are largely flake-oriented, with abundant carinated and nosed 
pieces, and a toolkit dominated by burins and endscrapers. Assemblages of this 
type date to between32 and 20 KYA {Gilead 1991). 
28 
The Ahmarian industry is thought to be much more long-lived. The 
industry is defmed on the very generalized criteria of abundant blade/bladelet 
debitage (>50%) and tools (Gilead 1981, 1991; Marks 1981b). On the basis of a 
single 14C date from Boker, the Ahmarian is thought to be well-developed by 38 
KYA (Marks and Ferring 1988), making it the earliest variant of the Upper 
Paleolithic in the Levant and the probable descendant of the transitional industry 
at Boker Tachtit. On the late end, Ahmarian assemblages have been dated to the 
very end of the Levantine Upper Paleolithic at ca. 19-20 KYA (Olszewski et al. 
1990, 1994; Coinman 1990, 1993, 1997a,b). The very long-lived nature of the 
Ahmarian (perhaps as long as 20 KY) has led some workers to differentiate 
between its early and late phases (Ferring 1988:342; Coinman 1997a,b, 1998b; 
Williams 1997:18-19). Given that the site of Tor Sadaffalls on the very early 
range of the Ahmarian, it is primarily the Early Ahmarian on which the remainder 
of this discussion will focus. 
In addition to high frequencies of blades and bladelets, Early Ahmarian 
assemblages are characterized by unidirectional, single-platform cores, with 
abraded platforms and the use of either soft-hammer or punch techniques for 
blade/bladelet blank removal (Jones et al. 1983, Ferring 1988, Marks and Ferring 
1988). Early Ahmarian sites are typologically dominated by pointed blades and 
bladelets (el-Wad points) and other retouched blades. In contrast to the initial 
Upper Paleolithic or the transitional industry, no "remnants of Mousterian lithic 
traditions" remain in the assemblages (Gilead and Bar-Yosef 1993:276). The 
majority of well-defmed Early Ahmarian assemblages come from the southern 
Levant, where research has been particularly intense over the last three decades 
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(Marks 1977, 1983a; Phillips 1987, 1988; Bar-Yosef and Belfer 1977; Olszewski 
et al. 1990, 1994; Coinman in press; Gilead and Bar-Yosef 1993; Byrd 1988; 
Herny 1995)(see Figure 2.1). The Early Ahmarian remains more problematic in 
the central and northern Levant, where only two clear examples of Early 
Ahmarian assemblages have been documented. 
In the central Levant, the cave of Qafzeh in the Lower Galilee has an 
assemblage of Ahmarian characteristics overlying the Mousterian levels and dated 
by amino acid racemization to ca. 39-32 KYA (Bar-Yosef 1980: 117). In the 
northern Levant, Ksar Akil stands as the only site with a clearly Early Ahmarian 
component. The Early Ahmarian component lies in layers XX-XVIII, where an 
assemblage dominated by blades and bladelets removed primarily by soft-hammer 
and punch technique was recovered (Ohnuma and Bergman 1990). These levels 
also contained an abundance of Ksar Akil points, which were produced on large 
bladelets or small blades and appear to be related to the more common el-Wad 
points found in the south (Bergman 1981, 1988). However, the Early Upper 
Paleolithic levels at Ksar Akil are dominated by blades/bladelet produced using a 
bi-directional core reduction strategy. The assemblage also contains an 
abundance of chamfered pieces, fossiles directeur that are strictly confined to 
sites in Lebanon and the north (Ohnuma and Bergman 1990). These factors 
suggest that northern and southern variants of the Early Ahmarian may exist. 
'· 
DISCUSSION 
Based on this review of the histo:ry of research and current evidence from 
the Middle to Upper Paleolithic transition and Early Upper Paleolithic of the 
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Levant, we are now in a position to identify several outstanding issues concerning 
this key time period. It is hoped that the recent investigations at Tor Sadaf in the 
Wadi al-Hasa and the analyses presented subsequently, may shed new light on 
some of the more persistent problems associated with transitional and Early 
Upper Paleolithic studies in the Levant. 
It seems clear that there is an industry that can be defined as genuinely 
transitional between the Middle and Upper Paleolithic of the Levant. Our 
understanding of the transition comes almost entirely from the site of Boker 
Tachtit (Marks 1983b, Marks and Kaufman 1983), with some further clues 
provided by Ksar Akil (Marks 1983b, Ohnuma and Bergman 1990). Despite the 
extreme detail with which the Boker Tachtit materials have been described (Marks 
and Kaufman 1983, Volkman 1983, Marks and Volkman 1983b}, a certain degree 
of uncertainty surrounds aspects of the transition. Perhaps most importantly, 
there is the question of forerunners to the Boker Tachtit Level 1, bi-directional 
Levallois technology. A crucial question concerns whether the ancestor of the 
Boker Tachtit Level 1 assemblage can really be found in the local Mousterian. 
The bi-directional Levallois seen at Boker Tachtit Level 1 has only been 
seen in Early Middle Paleolithic.contexts (Tabun D). Marks and his colleagues 
have argued that the progenitor of the bi-directional Levallois cannot be linked to 
Tabun B or C-type (Late Levantine Mousterian) assemblages in the southern 
Levant, since these are characterized by a completely different technology than 
that seen at either Boker Tachtit or Ksar Akil (Marks 1983b:81-83). Marks 
(1983b:82-83) has suggested that the transitional industries are in fact related to 
Tabun D-type assemblages, which are characterized by uni- and bi-directional 
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reduction strategies and high frequencies of Levallois points. This scenario has 
obvious problems, most notably that no Tabun D-type assemblages have been 
dated to later than 100 KYA (Bar-Yosef 1998:Table 1). However, there are no 
well-dated Tabun D-type assemblages from the southern Levant, and Marks has 
proposed thc;it the site of Tor Sabiha in southern Jordan might provide evidence 
that the core reduction strategy typical of the Early Levan tine Mousterian (Tabun 
D) may in fact have lasted much longer than previously thought (Marks 
l 983b:82-83). 
As mentioned previously, the transitional industry at Ksar Akil is 
stratigraphically and technologically isolated from the site's underlying Levantine 
Mousterian layers (Marks 1983b, Ohnuma and Bergman 1990). In short, the 
question of a technological and chronological predecessor to the transitional 
industry in both the north and south remains an open question. 
Another obvious question concerns the descendants of the transitional 
industry in both the north and south. Although the Early Ahmarian materials 
from Boker A and Ksar Akil Levels XX-XVIII appear technologically related to the 
transitional materials from Boker Tachtit Level 4 and Ksar Akil Levels XXIV-XXI, 
there remains a technological shift into the Early Ahmarian that cannot be 
documented at either site. This shift involves the emergence of a true blade 
technology involving the use of soft-hammer and punch techniques, which is 
absent at Boker Tachtit and impossible to monitor using fine-grained analyses at 
Ksar Akil due to the very thick arbitrary levels and collection strategies used 
during excavation of the site. Thus it remains to be demonstrated that the Early 
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Ahmarian did evolve from the transitional industry, and ifit did, exactly how this 
evolution occurred (Marks and Ferring 1988:54-57). 
Although Marks regards Boker Tachtit Level 4 and Ksar Akil Levels XXIV-
XXI as "initial Upper Paleolithic" (Marks and Ferring 1988), the fact remains that 
the earliest Upper Paleolithic is recognized by most archaeologists on the basis of 
attributes commonly associated with the Early Ahmarian (Gilead and Bar-Yosef 
1993:276; Bar-Yosef and Kuhn 1999:330). In fact, if it were not assumed that 
the Early Ahmarian descended from the transitional and "initial Upper 
Paleolithic" industries, it seems unlikely that the "initial" Upper Paleolithic 
assemblages (Boker Tachtit Level 4 and Ksar Akil Levels XXIII-XXI) would be 
characterized as Upper Paleolithic at all. The problem here is of course only 
terminological, but clearly we should wish our terminology to reflect what we 
most often conceptualize as real cultural or technological units. As Marks 
(1983b:83-84) has pointed out, if a continuous transition from the Middle to 
Upper Paleolithic really exists, then how we define what is "Middle," "Upper" or 
"transitional" is largely arbitrary. However, such distinctions are important for 
clarity's sake and for how we conceptualize the differences between Middle and 
Upper Paleolithic as well as the intervening transition. 
Marks has chosen to delineate the Middle, transitional and Upper 
Paleolithic on the basis of core reduction strategies (Marks 1983b:82-84; Marks 
and Volkman 1983). Using this method, materials reduced using "true" Levallois 
technique are deemed Middle Paleolithic, the bi-directional Levallois from Boker 
Tachtit Levels 1-3 is transitional, and all non-Levallois single-platform blade 
technologies are classified as Upper Paleolithic (Marks 1983b:83-84). This 
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scheme has the advantage of preserving the concept of Levallois as a reduction 
strategy, rather than defining it on the basis of end products (Marks and Volkman 
1983). There are, however, several problems with this conception. 
First, there is the issue of defining "true" Levallois technology (see Dibble 
and Bar-Yosef 1995 for an exploration of Levallois issues). It has been shown 
that there is no clear consensus for defining Levallois technology, though 
numerous definitions have been offered (Copeland 1981, 1983; Marks 1983b:83-
84; Boeda 1988, 1995). In the case ofBokerTachtit, Marks has argued that the 
degree that cores were preformed for the production of Levallois points be used as 
the primary indicator (Marks 1983b). For Marks, this also implies that the 
production of a Levallois point should be the final removal for a large number of 
cores in a Levallois assemblage (Marks 1983b:83-84). However, it cannot be 
denied that the removal of Levallois (or "Levallois-like") points in Boker Tachtit 
Level 4 and Ksar Akil Levels XXIV-XXI did involve preshaping of the a core for 
removal of a point that closely mimics the ridge patterns of previous removals. 
Why should a point removed by such a strategy be considered "non-Levallois" 
simply because another series of flakes or blades were removed after it? 
Another important problem with Marks' criteria for Levallois or non-
Levallois and Middle or Upper Paleolithic concerns replicability. Marks and his 
colleagues based their distinction on changes in core reduction strategy, which 
were meticulously documented through core reconstructions (Marks and 
Volkman 1983b, Volkman 1983). Such reconstructions are rarely possible in 
large lithic assemblages, suggesting that applying Marks' criteria to other sites 
and assemblages would prove problematic. In short, a clearer distinction is 
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needed for identification of Late Middle, transitional, and Early Upper Paleolithic 
sites in the region. 
In addition to these problems of classification and chronology, there 
remain very large problems of explanation. At this point, it remains unclear what 
the driving force of cultural evolution that resulted in the emergence of the Upper 
Paleolithic is. Unlike sites in Europe, the Upper Paleolithic of the Levant is not 
characterized by extensive bone and antler industries, portable and cave art, or 
elaborate mortuary ritual. Instead, the Levantine Upper Paleolithic appears more 
similar to its Mousterian ancestor than to the European Aurignacian. The 
possible exception to this suggestion concerns the Levantine Aurignacian, which 
emerges relatively late in the Upper Paleolithic. 
Marks and Freidel (1977) have shown that the emergence of the Upper 
Paleolithic in the Central Negev is correlated with a particularly arid "pulse" in the 
very late Levantine Mousterian. This extremely arid period is followed by a slight 
climatic amelioration, but in general the long-term trend throughout the Upper 
Paleolithic of the area is one of increasing aridity (Horowitz 1983). Increasing 
aridity during the Late Mousterian and Early Upper Paleolithic has been linked in 
. the Central Negev to shifts in mobility, resource procurement and subsistence 
(Marks and Freidel 1977). This shift has been monitored using a dichotomy of · 
circulating vs. radiating settlement systems (see also Binford 1980). According to 
Marks and Freidel (1977), the favorable climatic conditions of the Middle 
Paleolithic of the Negev favored a radiating settlement system, where large, long-
term basecamps were the focus of activities and smaller logistical work stations 
were used to gather task-:specific resources (Marks and Freidel 1977: 138-142). 
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By contrast, Upper Paleolithic sites in the Central Negev are characterized as 
relatively small, homogeneous and ephemeral, suggesting higher rates of mobility 
during a period of climatic deterioration (Marks and Freidel 1977:142-146). 
Thus, Marks and Freidel suggest that the emergence of the Upper 
Paleolithic in the area may concern curational behavior associated with high 
mobility (Marks and Freidel 1977:150-154; also see Binford 1973:251). In the 
case of the Early Ahmarian, blade technologies may have been selected for due to 
the increased efficiency of blades both in terms of raw material availability and 
transportability (Marks and Freidel 1977:151-153). Although such a scenario is 
entirely possible, whether it may be generalized to the entire, or even just the 
southern, Levant remains unknown. 
The model of the Middle to Upper Paleolithic transition presented by Marks 
and his colleagues (Marks 1983b, Marks and Volkman 1983b, Marks and Ferring 
1988) place a strong emphasis on an evolutionary framework for the emergence of 
technological change. This evolutionary point of view emphasizes the concept of 
an in situ, local development of the transitional and Upper Paleolithic industries. 
This point of view is hardly universal, however. A contrasting point of view is 
offered by Bar-Yosef(1999), who views cultural change at the Middle to Upper 
Paleolithic transition as "revolutionary" rather than evolutionary. Bar-Yosefs 
concept of a cultural revolution is based on a model of localized innovation and 
change resulting in new ideas or technologies, followed by rapid diffusion of such 
advantageous ideas (Bar-Yosef 1999: 142). The concept of a revolution (sensu 
Bar-Yosef 1999) calls for the identification of a core-area or point of origin for a 
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new trait (or set of traits). The evolutionary concept predicts the emergence of a 
trait (or set of traits) across a wide geographic area. 
A great deal of importance surrounds the issue of whether the Middle to 
Upper Paleolithic transition represents evolution in the classic gradual sense 
(Clark and Lindly 1989), or a revolution in the sense described by Bar-Yosef 
(1999). The parallelism between this issue and the more famous replacement vs. 
continuity debate for modem human origins is, of course, obvious (Clark and 
Lindly 1989, Kaufman 1999, Marks 1992). Much like the modem human origins 
debate, evidence from the Levant remains too meager to definitively resolve this 
issue at this point. 
The importance of various point forms also remains to be explained in the 
context of the Middle to Upper Paleolithic transition. The importance of Levallois 
points throughout much of the Levantine Mousterian is usually attributed to 
these points representing hafted armatures (Marks and Freidel 1977:152; Shea 
1988, 1995, 1998). This inference can presumably be applied to the Levallois 
points of the transitional assemblages at Boker Tachtit and Ksar Akil, as well. 
However, the complete disappearance of these points with the emergence of the 
Early Ahmarian remains unexplained. Although Early Ahmarian assemblages 
have no lack ofhaftable points (Coinman 1999, Williams 1997a, Bergman 1981), 
they are predominantly el-Wads, which are technologically and typologically 
distinct from their Levallois forerunners. Based on the very high frequency of 
haftable points from Mousterian, transitional and Early Ahmarian contexts, it 
seems clear that these pieces hold important clues to the nature of the Middle to 
Upper Paleolithic transition. 
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The purpose of this chapter has been to create an archaeological context 
within which analysis of the Tor Sadaf lithic assemblage may be conducted. I 
have placed special emphasis on the issues associated with the Middle to Upper 
Paleolithic transition and the earliest Upper Paleolithic, since preliminary 
analyses suggest that this is the temporal and technological interval in which the 
Tor Sadaf lithic materials most clearly fit (Fox 1999a, b). The detailed analyses of 
the Tor Sadaf lithic materials that follow offer the opportunity to clarify and shed 
new light on a number of the issues highlighted in this chapter. 
The Levantine Mousterian is usually viewed as a seriated set of industries, 
based on the stratigraphic sequence of the cave ofTabun (Bar-Yosef 1998). 
Based on technological attributes, it would appear that the earliest Mousterian 
(Tabun D) is most closely related to the transitional industry observed at Boker 
Tachtit and Ksar Akil (Marks 1983b, Demidenko and Usik 1993, Hovers 1998, 
Bar-Yosef 1998}. Thus, we are faced with two possibilities to explain the 
emergence of the transitional industry. First, it could be a direct descendent of 
the Tabun D-type industry, suggesting that the chronology of the Tabun sequence 
and the battery of TL and ESR dates for Mousterian sites in the Levant is in 
serious question (Bar-Yosef 1998). Second, it is possible that the transitional 
industry emerged from a "pre-adaptation" (sensu Hovers 1998: 143), which existed 
in the very blade-oriented Early Mousterian but was never fully expressed until 
the transition itself. Re$olution of this problem will almost certainly require 
improved resolution of the Middle Paleolithic chronology of the region. However, 
analysis of the Tor Sadaf transitional materials will permit one more, well-
described assemblage for technological comparison with Middle Paleolithic 
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assemblages. Thus, Tor Sadaf offers additional evidence of a relationship between 
the Middle and Upper Paleolithic. 
The Tor Sadaf lithic materials offer some hope of solving some of the other 
more tenacious problems surrounding the Middle to Upper Paleolithic transition. 
The materials from Tor Sadaf offer the first opportunity to view the shift from an 
essentially transitional industry to one of clearly Early Ahmarian characteristics, 
a transition not previously seen in the southern Levant and only poorly 
understood in the north (Marks and Ferring 1988:54.,-55). 
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CHAPTER III 
TOR SADAF: LOCAL ENVIRONMENT AND RESOURCES, 
EXCAVATION AND STRATIGRAPHY 
INTRODUCTION 
Since the 1970s, a series of archaeological investigations have focused on 
the Wadi al-Hasa Basin in west-central Jordan. The Hasa basin is composed of 
the main Hasa drainage itself, which drains into the southeastern Dead Sea, and 
its extensive system of tributaries (Figure 3.1). Archaeological investigations have 
revealed over 150,0 sites in the Hasa Basin, ranging in age from the Middle 
Paleolithic to the Islamic and Ottoman periods (MacDonald 1988; MacDonald et 
al. 1980, 1982, 1983; Clark et al. 1992, 1994). 
Several archaeological projects have focused specifically on the Paleolithic 
age sites in the Wadi al-Hasa. The dense distribution of Paleolithic sites in the 
area is related to the fact that the entire eastern Hasa Basin was dominated by a 
large Pleistocene Lake during the Middle, Upper and Epipaleolithic periods. The 
lake itself, as well as its surrounding circum-lacustrine zones, provided attractive 
resource zones for Paleolithic groups in the arid- southern Levant. Given the 
importance of the lake, archaeological investigations have placed a high priority 
on understanding the sequence of events that led to the lake's formation, 
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expansion and eventual decline (Schuldenrein and Clark 1994, Schuldenrein 
1998). 
Although the majority of documented Paleolithic sites in the Hasa are of 
Late Upper and Epipaleolithic age, at least two Middle Paleolithic sites have been 
investigated (WHS 634 and 621). Until quite recently, however, the interval 
between the Middle Paleolithic and Late Upper Paleolithic occupations in the 
Hasa region remained unknown. A major portion of this gap has been closed 
since it was discovered that the site of Tor Sadaf (WHNBS 8) contains 
assemblages diagnostic of the Middle to Upper Paleolithic and Early Upper 
Paleolithic in 1997. The site is a small rockshelter, located a short distance from 
the main lake basin (Figure 3.1) and has over one meter of stratified cultural 
material. The discove:ry of the transitional and Early UP components at Tor Sadaf 
makes the sequence of occupations in the Hasa Basin one of the most complete in 
all of the southeastern Levant. Prior to the discussion of analytical methods and 
presentation of analyses (Chapters Four, Five and Six), this chapter describes the 
locality surrounding Tor Sadaf, the site's available resources, excavation 
strategies, sediments and stratigraphy. 
MODERN SITE SETTING AND RESOURCES 
Tor Sadaf is a small rockshelter located at an elevation of approximately 
825 masl along a meander of a tributa:ry to the Wadi al-Misq, which drains into 
the eastern Hasa basin some 2 km to the southwest of the site (Figure 3.1). Tor 
Sadaf lies only a few hundred meters from where this tertia:ry drainage converges 
with the larger Wadi al-Misq. The rockshelter itself is formed by a solution notch 
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in a large limestone fossil oysterbed outcrop facing approximately due east toward 
the modem Desert Highway. Beneath and immediately in front of the rockshelter 
overhang is an area of relatively protected sediments that form a level surface 
over the main part of the site. This area has been used by the modem Bedouin 
people of the area as a shelter for goats and sheep, and thus a thick layer of dung 
has developed on the surface. Outside of the rockshelter overhang, a long talus 
extends from the site area itself down to the modern wadi bottom some 15-20 
meters below. 
The base of the rockshelter is formed by a strath bench of fossil oysterbed 
limestone. The episode of down-cutting that formed the strath bench appears to 
have been a part of a long history of down-cutting activity by stream action, 
judging by the significant beds of dissected limestone and sandstone that overlie 
the fossil oysterbed. The formation of the strath bench is a result of the 
meandering drainage channel undermining the relatively soft, soluble fossil 
. oysterbed. The solution notch that forms the rockshelter has a back wall 
approximately 20 meters in length. Surface artifacts are concentrated in an area 
approximately 5 meters wide in the center of the rockshelter and extending out 
some 8-10 meters down the talus. 
Immediately to the south and several meters below the main surface of the 
site there is another rockshelter formed in the same fossil oysterbed outcropping. 
This southern rockshelter has been partially scoured out by the meandering wadi 
and wind. Approximately 1.8 meters of heavily brecciated sediment containing 
chipped stone tools and at least four hearths are exposed in this area. 
Geoarchaeological investigations during the 1997 season involved substantial 
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attention to this southern shelter (Schuldenrein in Olszewski et al. 1998:16-17). 
Particularly intriguing is its potential for containing a Middle Paleolithic or Middle 
to Upper Paleolithic transition.al occupation. However, due to the extremely 
compact nature of the deposits and the precarious condition of the rockshelter 
roof (which has shorn off at least once in the past), excavation of this southern 
shelter has been deemed impractical at least for the time being. 
The area immediately surrounding Tor Sadaf shows no evidence of active 
springs either presently or in the past. Modem and fossil springs have been 
located in other areas of the Hasa basin, but none are known within 3-4 
kilometers of Tor Sadaf. Presumably some fresh water source was available for 
occupants of the site, possibly the stream that carved the modem wadi. The 
stream tributruy that ran in front of the site may have been perennially or 
seasonally active. At this point, it is not possible to estimate how active the 
stream in front of the site may have been during the Late Pleistocene. Currently 
these wadis remain essentially dry throughout the year. 
At this point, no detailed flint source studies have been conducted in the 
Hasa Basin. Flint is relatively abundant throughout the area, with isolated beds 
of suitable material exposed in any number of areas. Sources tend to be highly 
discontinuous in terms of color, texture and quality, however. These factors 
suggest that flint sourcing in the Hasa Basin may be very complex. In general, 
raw material quality of the lithic assemblages from known sites is very high, and 
Tor Sadaf is no exception. All of the chipped stone material from Tor Sadaf is 
composed of smooth-grained chert. The only sources of flint observed in the area 
of the site itself were large silicifled nodules from the fossil oysterbeds. These 
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pieces were only of moderate quality, and were generally not larger than 10 cm in 
diameter. Thus these are not a likely source of the raw material that was used to 
produce the bulk of the Sadaf assemblage. In short, raw material remains an 
unresolved issue at this point, not only for Tor Sadaf but also for most sites in the 
Hasa Basin. Research planned for the third season of the EHLPP includes raw 
material sourcing. Hopefully this important aspect of raw material resources and 
economy at Tor Sadaf will soon be better understood. 
It is also difficult to fully resolve the site's relationship to Pleistocene Lake 
Hasa. There are no lacustrine marls within several hundred meters of Tor Sadaf, 
suggesting that even during highest lake stands, lake water did not accumulate 
as far upstream as the rockshelter in the tributary for any substantial duration of 
time. Of course, this does not rule out the possibility that the lake backed up 
into the tributary on a seasonal or intermittent basis, leaving no sedimentary · 
record. In any case, it seems clear that the local surroundings at Tor Sadaf would 
have provided a different assemblage of plant and animal resources than the area 
immediately adjacent to the lake, where numerous other Upper Paleolithic sites 
have been documented. Pending results of the fauna and other environmental 
analyses from the site in conjunction with the lithic analysis presented here 
should help illuminate issues related to local resources and in tum site function 
in the near future. 
EXCAVATION STRATEGIES 
A team led by Olszewski initially tested Tor Sadaf during the 1997 field 
season {Olszewski et al. 1998). The major objective of the excavation was simply 
45 
to assess the site's potential through limited subsurface testing. Two lxl-meter 
tests were excavated in 1997; Units K2 and K5 (Figure 3.2). Unit K2 lies just 
within the dripline, in the approximate center of the rockshelter (and the surface 
artifact scatter). Unit K5 lies at the interface of the rockshelter sediments and the 
talus. Over 5000 lithic artifacts and moderate amounts of faunal material were 
recovered from the 1997 tests (Olszewski et al. 1998). 
Preliminary analysis of the lithic artifacts from Tor Sadaf indicated that the 
site contained an assemblage technologically consistent with the earliest Upper 
Paleolithic in the region (Fox, n.d.). Artifacts recovered from the base of Unit K2 
also suggested the possibility of a Middle to Upper Paleolithic transitional 
component (Fox 1999a,b, n.d.). Since the presence of such a component would 
make the site one of only a handful in all of the Levant, further tests were 
planned for the 1998 season. 
The 1998 excavations were led by Coinman, and sought to expand upon 
the existing test units with several principal objectives in mind (Fox, n.d.). First, 
new excavations sought to reach greater depths in order to assess more fully the 
potential of the early components from the site. It was necessary to open a 
number of contiguous units in a trench-like manner in order to gain a clear 
understanding of the stratigraphic relationships across the site. Finally, we 
wished to broaden the excavations to some extent, in order to gain some insight 
into the presence of spatial patterning within the site. Preliminary analyses 
suggested that the transitional component of the site existed only in Unit K2 and 
not K5. We wanted to open at least one unit to the north or south of both K2 and 
KS in order to determine where the key temporal components of the site were 
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focused. All of these objectives had to take place within time and labor 
constraints imposed on the 1998 field season. 
A total of six new lxl m units were excavated during the 1998 season 
(Figure 3.2)(Coinman et al., in press). These include Kl, K3 and K4, which 
together with the 1997 excavations exposed a five-meter length of trench 
sufficient for evaluating the site's stratigraphy. The excavations were then 
expanded into the "L" column, where Units L2, L3 and L5 are located. The 
expansion into a second column allowed an improved spatial perspective on the 
site. All units were excavated using arbitrary levels of 5 cm or less. This strategy 
allowed for maximum vertical control. In addition to artifacts and faunal material 
recovered, soil samples were collected systematically for the purpose of gaining 
insight into the paleoenvironmental conditions at the site. 
Soil samples for pollen analysis of 200 ml each were collected from every 
other arbitrary level in each unit and every natural stratum in each unit column. 
The same sampling strategy was employed for the collection of phytoliths. Soil 
samples for flotation analysis were collected from alternating arbitrary levels in 
order to assess the presence of macrobotanical remains. Flotation samples were 
limited to one-liter volumes due to the very fine-grained nature of the excavation 
levels. Other than a single hearth area located in a disturbed upper stratum at 
the site, no other features were located that warranted further sampling for 
botanic remains. Analyses of the sediment samples collected at Tor Sadaf are still 
ongoing. As these data become available, a great deal more information will be 
known about the site's environmental and ecological contexts. 
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In terms of faunal evidence,' excavators collected a substantial assemblage 
of fragmented bone, most of it heavily fossilized. Analysis of the faunal 
assemblage is also ongoing, but preliminary indications suggest that small 
artiodactyls, namely gazelle, dominate the assemblage. This contrasts with some 
of the later UP sites that have been located to the southwest in the main lake 
basin (e.g. WHS 618 and EHLPP 2), where faunal assemblages contain numerous 
large bovid and equid bones (Olszewski et al. 1998; Coinman et al., in press). In 
terms of fauna, Tor Sadaf seems similar to the late UP occupation at Yutil al-Hasa 
(WHS 784X), which is also located slightly away from the largest part of the Hasa 
Lake Basin (Olszewski et al. 1994). The very fragmentary nature of the bone from 
Tor Sadaf suggests that the assemblage may be less informative than we would 
like. Few teeth and other diagnostic elements were recovered, and this may 
indicate that the site was not a primary hunting station, but was provisioned with 
animal parts from the surrounding area. 
Between the 1997 and 1998 seasons, a total of 25,082 chipped-stone 
artifacts were recovered from subsurface levels at Tor Sadaf (Olszewski et al. 
1998; Coinman et al., in press; Coinman and Fox, in press). Taken together, the 
units located within and beneath the dripline (Kl, K2, K3, L2 and L3) provided an 
excellent sample of lithic artifacts from both the site's early (transitional) and late 
(EUP) occupation periods. The units outside of the rockshelter overhang provided 
primarily EUP artifacts from the late occupation period. The 1998 excavations 
were adequate to confirm the presence of the transitional assemblage underlying 
the Upper Paleolithic deposits beneath the rockshelter overhang. 
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STRATIGRAPHY AND SITE FORMATION 
A total of five natural strata are obsenrable in profiles from Tor Sadaf 
(Figure 3.3). These strata exhibit extremely subtle differences in terms of texture, 
color and content. In general, all five appear predominantly colluvial in origin, 
having washed or blown in from the outcrops above the rockshelter. However, 
the extremely high silt content of the sediments also suggests the possibility of 
some aeolian deposition. Airborne sediments may have been deposited in the 
meander where Tor Sadaf is located during dry seasons when alluvium from the 
tributary stream terraces could be transported. 
Stratum I consists of a densely packed layer of several centimeters of 
sediment and modern dung accumulations. Artifacts in this level showed signs of 
significant disturbance, as might be expected in an area heavily trampled by 
animals. Stratum II consists of a loose silty loam with less obvious signs of 
disturbance. Most artifacts in this stratum appeared in a horizontal position, but 
the loose nature of the sediments, particularly under the rockshelter overhang 
suggests that some mixing has occurred in this stratum. Stratum II contained 
dense concentrations of artifacts and fragmented animal bones. The lithics from 
both Stratum I and II appear to date technologically to the Early Upper 
Paleolithic. During the 1997 season, a single hearth was excavated in this 
stratum in Unit K5. The hearth was determined to be a modern intrusion into 
the stratum during the recent past. 
The base of Stratum II and the top of Stratum III are demarcated by a 
change in both sediment texture and content. Whereas Stratum II is a loose level 
of friable silts and sands that still contained some modern intrusions of dung and 
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Figure 3.3. Profile of the "K" Trench at Tor Sadaf Showing Natural Stratigraphy. 
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ash from the surlace, Stratum III consists of a densely packed silty loam of tan 
color containing no signs of modem intrusion. Stratum III represents the 
thickest natural level that was excavated at the site. It contained an abundance 
of lithic artifacts and bone fragments. The percolation of sheetwash into the 
sediments below the rockshelter has resulted in Stratum III being extremely 
concreted with calcium carbonate. Substantial calcite accumulations were 
present on the lithic and faunal remains as well. Excavation of this stratum and 
subsequent strata required the use of small hand picks in addition to trowels. 
The sediments themselves appear to be both colluvial and aeolian in origin. The 
ve:ry homogeneous nature of sediments, along with the general absence of 
inclusions (i.e. roofspall, limestone and sandstone etc.) and high level of silt 
content, support the notion that Stratum III was formed at least partially by 
means of aeolian deposition. The accumulation of Stratum III certainly appears 
to have occurred over a relatively long period of time, as indicated by significant 
changes in the lithic technology found throughout this stratum. The artifacts 
close to the top of Stratum III are consistent with those seen in Strata I and II. 
The deeper portions of Stratum III however, contained artifacts of mixed Middle 
and Upper Paleolithic attributes. 
The base of Stratum III and the top of Stratum IV are defined by the 
presence of numerous large limestone cobbles and boulders found in several 
units at the site. This layer of stones has been called the "cobble layer" (Fox 
1999a,b; Coinman and Fox in press). The cobble layer is only found among units 
partially or completely beneath the rockshelter overhang (Figure 3.3). This 
includes Units Kl, K2, K3, L2 and L3. The stones are angular and are associated 
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with extremely high artifact and bone densities. The lithic material recovered 
from within and around the cobble layer represents some of the most well defined 
Middle to Upper Paleolithic transitional material found at the site. All of these 
factors support the interpretation that the cobble layer represents a cultural 
feature(s) of some sort. These stones could represent the remnants of a retaining 
wall of some sort, or could simply be the remains of hearthstones of some sort. 
Unfortunately, poor preservation of organic materials makes it unlikely that any 
hearths or postholes would be preserved that might provided important clues to 
the function of the cobble-layer. 
Beneath the cobble layer, Stratum IV is indistinguishable from Stratum III 
· in color, texture and content. Thus, it seems likely that stratum IV represents an 
earlier episode in the same ongoing process of colluviation and wind-deposition 
that formed Stratum Ill. Artifacts from this stratum are also of a transitional 
nature, and often appear to have more Middle Paleolithic characteristics than 
many of the pieces from in Stratum Ill. Stratum IV lies directly on the surface of 
the strath bench that forms the geological base of the rockshelter. As excavations 
approached the base of Stratum IV, sediments become extremely dense as a 
result of high clay content in these deepest levels. 
Stratum V consists of decaying bedrock from the bench, which was 
exposed in Units Kl and K2. As mentioned earlier, this bedrock is a fossil 
oystershell limestone. This stratum represents the actual base of the rockshelter 
and not simply a deposit of roofspall and collapse. This stratum could be traced 
directly to the back wall and roof of the rockshelter in Unit Kl. Further, 
excavation of some of the oystershell material with picks showed that it was quite 
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aerated, certainly less dense than a roofspall or colluvial deposit would be in the 
context of such fine grained silts and clays. 
Excavations ended at the bedrock bench in two Units: Kl and K2. The 
strath bench could be traced from the back wall of the rockshelter extending 
along a gentle slope toward the wadi. Although it was impractical to excavate to 
the depth of the bench in all Units, the angle of slope of the bedrock bench 
suggests that it is present just below the current base of Units L2, L3, L5, K3, K4 
and K5 (Figure 3.3). 
SUMMARY 
The proftle at Tor Sadaf reveals no evidence of previous soil formation or 
preserved "living surfaces." No prehistoric hearths or other features were 
excavated with the exception of the cobble layer at the interface of strata III and 
IV. This layer of large stones may represent the remnants of some architectural 
structure. Given the lack of clearly defined microstratigraphy and the extremely 
homogeneous nature of the sediments at Tor Sadaf, no postholes or other 
evidence of such a structure is likely to survive. The abundance of artifacts in the 
vicinity of the cobble layer strongly suggests that this was period of relatively 
intense occ1:,1pation. It should be noted that no hiatus of occupation is evidenced 
in the site on the basis of artifact densities or stratigraphy. With the exception of 
the uppermost strata, the sediments throughout the proftle are extremely 
homogeneous, compact and fine-grained. This suggests that sediment was 
deposited at Tor Sadaf in a steady accretion throughout the site's occupation by 
means of both colluvial and aerosol deposition. These sediments appear to have 
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been stabilized by percolation of water runoff from the slopes above the site, 
which resulted in heavy calcification of sediments below the rockshelter overhang. 
Lithic materials and bone fragments are abundant throughout the vertical 
profile at Tor Sadaf, and with the exception of the uppermost strata few artifacts 
appear to be disturbed (in vertical or jumbled positions). In addition to the 
horizontality of the cultural deposits at the site, a clear technological continuum 
in the vertical levels at the site provides strong evidence that the materials from 
Tor Sadaf represent an in situ assemblage spanning a long period of occupations. 
This technological continuity is demonstrated in Chapter Five. 
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CHAPTER IV 
THE TOR SADAF LITHIC ASSEMBLAGE: 
ANALYTICAL METHODS 
INTRODUCTION 
Analysis of the Tor Sadaf lithic materials took place both in the field and in 
the lithics laboratory at Iowa State University, under the direction of N.R. 
Coinman. All materials were sorted and into technological and typological 
categories that are comparable to other sites in the Levant. Following sorting and 
counting of the material, a sample of blades and flakes (the most abundant forms 
of debitage) were selected for detailed technological analyses. All cores and points 
collected from the site were subjected to similar analyses. The fine-grained 
technological study of debitage revealed important changes in core reduction 
strategies employed at the site over time. Based on the count and technological 
data, it appears that there are three main periods of occupation at Tor Sadaf. 
COUNT DATA AND TYPOLOGICAL ANALYSIS 
The use of count data in the form of both tool and debitage frequencies is 
common in lithic studies, and in fact provides the most common means of 
categorizing Paleolithic assemblages from the Levant. For example, the 
dichotomy used to define the Ahmarian and Levantine Aurignacian complexes of 
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the Levan tine Upper Paleolithic relies entirely on frequencies of blade and flake 
debitage, and retouched blades, endscrapers and burins (Marks 1981b, Gilead 
1981). Without addressing the reality of this dichotomy, it is worth pointing out 
that even if we accept the definition of lithic complexes and industries on the 
basis of blank and tool frequencies, we are clearly only monitoring one aspect of 
core reduction strategy: blank production. Blank and tool frequencies tell us little 
or nothing about how cores were reduced strategically in order to generate the 
frequencies of pieces observed. Nonetheless, count data can provide easily 
comparable inter-site data, provided attention is paid to how different researchers 
categorize blanks and tools. Counts probably represent the simplest, and most 
common method of comparing Paleolithic site assemblages. The complete 
inventory of lithic artifacts collected from Tor Sadaf is provided in Appendix A. 
Debitage Frequencies 
For the purposes of this study, debitage was sorted into categories 
commonly used by lithic analysts (Sullivan and Rosen 1985, Bradley 1975, Tixier 
1974). It should be noted however, that I have used somewhat different criteria 
for the distinction between blades and bladelets. Blades are defined as any piece 
twice as long as it is wide. A bladelet is defined as any blade less than 12mm in 
width, regardless of length. Some analysts have employed a length criteria for 
distinction between blades and bladelets (e.g. Tixier 1974:4-5). Such distinctions 
are, of course, arbitrary since the Tor Sadaf lithic assemblage contains an 
abundance of pieces that range on either side of this threshold. It should also be 
noted that for this study small trimming flakes (flakes <20 mm in greatest 
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dimension) were counted as a category of debitage. This differs from some other 
studies where trimming flakes are counted as a category of debris (e.g. Marks 
1976:371-382). In this study, debris is a category reserved only for angular spalls 
and fragments that accumulate as an accidental byproduct of lithic reduction. 
Although where these pieces are counted is not particularly important, it must be 
remembered when comparisons of blank frequencies are made. In Chapter Six, I 
have removed the trimming flakes from the debitage in order to make blank 
frequencies comparable between sites. 
Tool Frequencies 
Tool counts and frequencies can be more problematic than debitage counts 
and frequencies. This is due primarily to two factors. First, there is the 
considerable problem of how to define tool "types" and how different researchers 
interpret such a definition (Coinman 1990:62-64). Retouched tools from 
Levan tine contexts are highly variable, and often cannot be identified if broken 
(e.g. Gilead and Bar-Yosef 1993). Compounding this problem is the fact that tool 
frequencies have historically been overemphasized as a means of categorizing 
lithic assemblages. This overemphasis is especially apparent in studies that seek 
to sort assemblages taxonomically or chronologically on the basis of Jossiles 
directeur (e.g. Neuville 1934, Bordes 1961). In order to avoid the pitfalls 
associated with tool typologies, tool frequencies are used in the Tor Sadaf analysis 
as a supplementary form of evidence, to be used in conjunction with the detailed 
technological studies to follow. 
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In sorting the tool assemblage from Tor Sadaf, most pieces were counted 
into generally well-known categories (e.g., endscrapers, burins, etc.)(de 
Sonneville-Bordes and Perrot 1954-1956, Tixier 1974:9; Marks 1976:371-375). 
However, two important tool type definitions must be made here for the sake of 
clarity. A large number of the pieces recovered from Tor Sadaf are points. In the 
lowest levels of the site, the tools are dominated by large, elongated Levallois 
points. All of these pieces were removed from cores that were prepared for the 
production of points, all have converging lateral margins and converging dorsal 
aretes. Virtually none of the Levallois points from Tor Sadaf are retouched. 
These pieces are still counted among the tools because they have been clearly 
shown to be a major goal of lithic reduction at a number of sites, and their utility 
as tools has been shown through functional and use-wear analyses (Shea 1995, 
1998). 
Marks (1983b) has argued that points that are morphologically similar to 
Levallois points, but were not produced by a clearly defined Levallois technique, 
should not be called Levallois at all. An abundance of such points have been 
documented at the transitional site of Boker Tachtit level 4 (Marks and Kaufman 
1983). Since Levallois is widely regarded as a technique, this argument does 
make a sensible distinction. However, I have opted to call the Levallois-like points 
from Tor Sadaf simply Levallois points for good reason. First, these pieces needed 
to be categorized in some way prior to detailed technological analyses which seek 
to illuminate the reduction strategy employed to make them. Short of inventing 
another name for these points, the only alternative is to call them what most 
archaeologists would reckognize them as: Levallois points. Second, in the 
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absence of complete core reconstructions, it is difficult to say that the reduction 
techniques employed at Tor Sadaf are definitively "non-Levallois." The distinction 
is even more difficult given the increased variability in reduction strategies that 
have been described as Levallois in recent years (see Dibble 1995 for discussions 
of the difficulty in defining Levallois technology). In fact, there is currently no 
clear and unequivocal set of criteria for distinguishing between Levallois and non-
Levallois assemblages (Copeland 1986). 
During the later period of occupation at Tor Sadaf, the tool assemblage is 
dominated by points on small retouched blades and large bladelets. These 
retouched pieces are often considered the hallmark of the Early UP, particularly 
the pieces called el-Wad points. El-Wad points are a highly variable tool type, 
generally including any small blade or bladelet with a pointed tip formed by fine, 
semi-steep or steep retouch (Marks 1976:381, Bar-Yosef 1970). The category of 
el-Wad points has become increasingly inclusive over the years, subsuming what 
was formerly called Font Yves points (Brezillon 1971:418 cited in Marks 
1976:381), Abu Halka points (Bergman 1981), and Ksar Akil points (Azoury 
1986:55-56; Bergman 1988). R~cent literature reviews show that there is 
considerable confusion in how these points are to be defined (Coinman 1990:72-
74). I have chosen to use the very generalized definition proposed by Marks 
(1976:381). In addition to retouch forming the distal point of an el-Wad, there 
may be lateral retouch along one or both sides especially along proximal edges, 
and this retouch may be inverse, obverse, alternate or alternating (Marks 
1976:381). 
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TECHNOLOGICAL ANALYSES 
In recent decades, archaeological analysis of lithic assemblages has 
followed a dramatic change from more classic typological classification schemes 
(e.g. Bordes 1961, Neuville 1934) to more process-oriented technological studies. 
This change in analytical methods is closely tied to the emergence of processual 
archaeology in the Americanist tradition (Binford 1986). Technological 
approaches to lithic assemblages that have been employed in recent years include 
raw material economy (Kuhn 1992), reduction strategies (Marks and Volkman 
1983), functional analyses (Keeley 1974, O'dell 1979, Thomas 1978), and chaines 
operatoire (Cresswell 1983, Lemonier 1992). Lithic assemblages have also been 
used in conjunction with other intra- and inter-site variables to model mobility 
and settlement systems on a landscape level (Henry 1995, Marks and Freidel 
1977). 
Much of the progress made in chipped stone tool analysis has been 
possible as a result of experimental studies in flintknapping (Newcomer 1975, 
Whittaker 1994, Flenniken and Raymond 1986). Experimental flintknapping has 
greatly expanded our knowledge of how artifacts were produced, used, 
rejuvenated and eventually discarded. This is made possible by observing the 
morphological characteristics of experimentally manufactured chipped stone and 
correlating patterns with assemblages from archaeological contexts. By observing 
the morphological attributes that vary and covary throughout a lithic assemblage, 
it is possible to gain an understanding of the overall core reduction strategy 
employed at a site. 
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The analysis of the Tor Sadaf lithic materials has focused on changes in 
reduction strategy over time at the site. Of course, the most ideal means of 
understanding core reduction strategies comes through core reconstructions (e.g. 
Marks and Volkman 1983, Volkman 1983). However, such a demanding and 
time-consuming approach is not always possible. Therefore other means of 
investigating reduction strategies must be employed. 
Cores 
The study of cores has become an indispensable part of the technological 
analyses of lithic assemblages. Typically, cores from Upper Paleolithic contexts 
represent the discarded remains of raw material that was used to produce useful 
blanks. As such, cores show a clear picture of only the very last stage of the 
reduction sequence on a given piece of raw material. This picture is limited in 
that a core may or may not preserve evidence of previous stages (e.g. orientations, 
blank removals etc.) of the reduction sequence. Even this limited picture is 
essential, however, as the correlation between the technological attributes of 
cores and debitage permits some inference of reduction sequences. The most 
important and commonly reported attributes of cores from Middle and Upper 
Paleolithic contexts include number of platforms, orientation of platforms, 
platform faceting, and overall core shape (e.g. pyramidal, prismatic)(see for 
example Marks and Kaufman 1983, Jones et al. 1983, Coinman and Henry 1995) 
A total of 196 cores were recovered from Tor Sadaf. Analysis was designed 
to illuminate how cores were prepared, reduced and exhausted. Appendix A 
provides a complete list of attributes and codes that were observed on cores. 
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Particular attention was paid to attributes reflective of how cores were oriented 
and prepared. Thus, the majority of attributes come from the flaking surface and 
platform of each core. In addition to morphological observations, metric 
attributes were also monitored (see Metric Analysis below and Appendix A). 
Debitage 
Analysis of lithic debitage from archaeological sites has only become 
important since researchers have emphasized technological approaches to 
assemblages. Debitage morphology can provide a number of excellent indicators 
of reduction strategy. For example, dorsal scar directions on blades and flakes. 
are reflected in compression rings (Whittaker 1994: 14-15). This information has 
been put to good use by a number of researchers (Munday 1976, Ohnuma and 
Bergman 1990, Marks and Kaufman 1983, Meignen 1995, Henry 1995:68), since 
it indicates how cores were oriented during prior flake removals. In addition to 
cortex, the number of dorsal aret.es and their pattern of placement have been 
used to infer both reduction stage and strategy (Munday 1976:127; Marks and 
Monigal 1995). 
The presence/absence/abundance of cortex on debitage is also an 
important variable. Using proportions of cortex on the dorsal surface, trends can 
be identified in how raw material was prepared and reduced (Coinman 1990:115-
117). This type of study allows different kinds of debitage and debitage attributes 
to be correlated with specific stages of a reduction sequence (sensu Bradley 
1975). 
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A number of attributes of the proximal aspect of a chipped stone artifact 
can be particularly illuminating in terms of reduction techniques and strategies. 
These include the striking platform, the bulb of percussion and the areas 
immediately adjacent to the striking platform on both the dorsal and ventral 
sides. Platform morphology is used to determine how platforms were prepared as 
a means of controlling fracture mechanics and blank form (Whittaker 1994:99-
104). The techniques of platform preparation during the Middle and Upper 
Paleolithic have strong associations with particular types of blanks. In general, 
Middle Paleolithic Mousterian assemblages are associated with faceted platforms 
on debitage, while Upper Paleolithic assemblages are characterized by unfaceted 
and small crushed or punctiform platforms. 
The dorsal aspect of a striking platform shows how the core platform edge 
was prepared prior to blank removal. It has been shown that the emergence of 
Upper Paleolithic, true blade technologies is characterized by core platform edge 
regularization through abrasion, which removes overhangs and edge irregularities 
(Jones et al. 1983:286). The ventral edge of the platform has been used to 
determine the flaking mode (sensu Newcomer 1975). Flaking mode may be hard 
hammer, soft hammer or indirect percussion. Each of these modes is 
characterized by a particular set of signature products on the ventral aspect of 
the platform. 
Hard hammer technique is associated with large platforms, pronounced 
bulbs of percussion and a high incidence of eraillure scars (Speth 1972; Henry et 
al. 1976:57). Soft hammer percussion more commonly produces smaller 
platforms (though not necessarily), often lipped on the ventral aspect, with less 
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pronounced or diffuse bulbs of percussion (Whittaker 1994:185-187; Henry et al. 
1976). Finally, punch technique or indirect percussion is characterized by 
extremely small platforms, commonly lipped on the ventral aspect, with very 
diffuse bulbs of percussion (Henry et al. 1976). Thus, the morphology of the 
proximal aspect of a piece of debitage can be highly informative. It is for this 
reason that complete and proximal pieces from Tor Sadaf were most often 
selected for analysis. 
It has been noted that the attributes described above for each flaking mode 
are not discretely distributed. In reality, any one of the above flaking modes may 
produce any one of the platform characteristics described. However, given large 
s~ple sizes, the frequencies of these characteristics provide strong support for 
inferring a particular flaking mode (Henry et al. 1976). Newcomer (1975) has 
shown that Upper Paleolithic "punch" blades can be produced using soft, direct 
percussion. This suggests that the distinction between soft hammer and punch 
technique modes is probably the most difficult to make. However, most 
researchers seem to agree that the extremely small and crushed platforms typical 
of many Upper Paleolithic assemblages are, in fact, produced by means of punch 
technique (Bar-Yosef and Kuhn 1999:330). 
Over 1500 blades, bladelets and flakes were selected for the technological 
analysis. These pieces came from every unit and arbitrary level at the site. The 
sample included nearly every complete piece, and a large proportion of proximal 
pieces, since these artifacts contain the greatest amount of technological 
information. In general, the sample also favored blades and bladelets over flakes, 
since preliminary analyses (Fox 1999a, n.d.) showed that blades and bladelets 
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possessed far greater potential for technological analyses. The emphasis on 
blades and bladelets is further justified by the abundance of these blanks that 
were modified into tools, suggesting that these pieces represent a major goal of 
lithic reduction at the site. A complete list of morphological attributes observed 
on the debitage sample is provided in Appendix A. Metric analyses were also 
conducted on the debitage sample; these are discussed below. 
Points 
Points of two different general varieties dominate the Tor Sadaf tool 
assemblage. Given the overwhelming importance of these tools and their 
importance as desired end products of lithic reduction at the site, the entire 
sample was examined for the technological analyses, which monitored the same 
characteristics used in the debitage analyses. In all, 150 Levallois points were 
recovered from Tor Sadaf and used in this analysis. Data for the 153 el-Wad 
points recovered from Tor Sadaf were collected by Coinman ( 1999). 
Metric Analyses 
In addition to the morphological characteristics discussed above, metric 
analyses also provide an important means of investigating reduction strategies 
and tool production. Metric variables provide a completely quantitative set of 
morphological data that can be used to monitor both technological and 
typological variability. The quantitative nature of these variables presents certain 
advantages. Most importantly, these data lend themselves to statistical analyses, 
thus providing an added degree of confidence to any results found. In addition, 
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these data are directly comparable between sites, and are less problematic th~ 
simple morphological observations (e.g. dorsal scar directionality) in that 
observations are less subjective and more easily replicated. These factors have 
made metric data a standard approach to lithic analysis since the 1970s. Jelinek 
(1981a,b) has used vectored change in flake widths over time during the Middle 
Paleolithic to suggest long term changes in reduction strategies. Kuhn (1995) has 
used metric attributes to compare Middle Paleolithic artifacts produced by 
different reduction strategies. Metric dimensions can also be used to infer blank 
selectivity, especially when metric dimensions of blanks (debitageJ and tools are 
compared (Marks 1983b:80-82). 
Metric data is also potentially very useful in understanding raw material 
constraints. It is difficult to know to what extent the dimensional attributes of 
cores, debitage and tools are a result of reduction strategy or limitations of the 
raw material available. It has been argued that dimensional attributes of 
retouched tools are directly related to raw material abundance and availability 
(Kaufman 1987, Henry 1989). Unfortunately, little data is usually available 
concerning detailed raw material studies for most sites (Coinman 1990: 111-112). 
Despite this difficulty, metric analyses have been put to good use in inter-site 
comparisons in the Levant (e.g. Fish 1979, Coin.man 1990, Coin.man and Henry 
1995). Moreover, metric data provide an important source of variability for intra-
site studies, where raw material constraints (availability, quality, mobility) can be 
treated as relatively constant. 
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Metrtc data were collected from cores, debitage (blades and flakes), and 
tools (points) from the Tor Sadaf lithic sample. An illustrated guide to the metrtc 
attrtbutes used in this study are provided in Appendix A. 
Technologically Defined Occupation Periods 
In order to monitor technological changes in the chipped stone artifacts 
from Tor Sadaf, it was necessary to break the assemblage into stratigraphic units 
for comparison. This was accomplished by examining changes in blank and tool 
frequencies that appeared in the arbitrary excavation levels. Special attention 
-was paid to the frequencies of blades and bladelets, since these pieces are 
considered significant in the technological transition from the Middle to Upper 
Paleolithic. This resulted in the identification of three main occupation periods at 
the site. These three occupation periods are treated in the analysis as three 
separate assemblages, illustrating the changing character of lithic technology at 
the site. I have labeled these three periods Transitional A, Transitional B and 
Early UP (Figure 4.1, Table 4.1). Since arbitrary excavation levels are directly 
correlated between units at the site, the correspondence between arbitrary levels 
and occupation periods are not consistent from unit to unit (Table 4.1). 
It should be remembered that the three occupation periods in Figure 4.1 
and Table 4.1 are used in the analysis to illustrate technological change and as a 
heuristic device. It is not argued here that these three technologically defined 
periods at Tor Sadaf represent discrete cultural or temporal entities. 
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Table 4.1. Correspondence Between Arbitrary Excavation Levels, Natural 
h d T h 1 all D fi d O ti P · d t T S daf Strati12:rap y, an ec no 012:ic y e ne ccupa on eno s a or a 
Stratia:raphic Unit Arbitrary Level by Excavation Units Occupation Period 
I, Ila, Ilb, III (upper) Kl (1-7), K2 (1-8), K3 (1-9), K4 (1- Early Upper Paleolithic 
10), K5 (1-11), L2 (1-7), L3 (1-7), EARLY UP 
L5 (1-13) 
III (lower portion) Kl (8-14), K2 (9-16), K3 (10-15), Late Transitional 
K4 (11-17), L2 (8-13), L3 (8-15) TRANSITIONAL B 
IV Kl (15-18), K2 (17-20), K3 (16-20), Early Transitional 
K4 (18), L2 (14-17), L3 (16-20) TRANSITIONAL A 
V Essentially Sterile 
Bedrock 
Note: Bold numbers md1cate the lowest arbitrary level excavated. 
Data Collection 
All of the data from the Tor Sadaf lithic assemblage used in this study were 
collected over the course of 1998-1999 in the lithics lab at Iowa State University, 
with the exception of el-Wad point data. Data on el-Wad points were taken from 
Coinman (1999). Analysis and data collection occurred simultaneously, using 
Entrer Trois software and Browne and Sharpe digital calipers. Three main 
databases were assembled in Entrer Trois reflecting the three main sets of data 
on cores, debitage (blades and flakes), and tools. After the completion of the three 
databases, these Entrer Trois files were imported into SPSS and Excel software 
files for quantitative analyses. All charts and graphs were produced in SPSS and 
Excel as well. The following two chapters present results of the analyses from an 
intra- and inter-site perspective, respectively. 
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CHAPTERV 
ANALYSIS OF THE TOR SADAF 
LITHIC ASSEMBLAGE 
INTRODUCTION 
Analysis of the Tor Sadaf lithic assemblage focused on monitoring changes 
in technology that occurred over time at the site. These changes are first 
indicated by variation in the proportions of particular blanks, tool forms and 
cores. Changes are further explored through technological analyses of the 
debitage, which assist in clarifying how changes in reduction strategy were 
employed for the production of specific blank forms at the site. The overall trend 
identified is a technological transition from a single-platform Levallois-like 
reduction strategy to a true blade technology characteristic of the Early Upper 
Paleolithic. The technological changes seen in the debitage are also evident 
among the most common tool forms at the site - points. 
The analyses demonstrate the utility of dividing the Tor Sadaf lithic 
materials into three general occupation periods. The contrasts observed between 
the three periods illustrates how changes in technology and typology at Tor Sadaf 
lead from an assemblage truly transitional between the Middle and Upper 
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Paleolithic to one showing all of the classic characteristics of an Upper Paleolithic 
assemblage. 
COUNT DATA AND TYPOLOGY 
Over 25,000 lithic artifacts were recovered from Tor Sadaf (Table 5.1). The 
counts and frequencies of debitage and tools illustrate some important temporal 
trends in lithic technology and typology at the site. The complete inventory of 
lithic materials grouped by excavation unit is presented in Appendix A. The 
frequencies of debitage and tools from Tor Sadaf support the notion that the early 
occupations at the site (Transitional A and B) represent an industry transitional 
between the Middle and Upper Paleolithic. The Early UP occupation at the site is 
typologically consistent with descriptions of the Early Ahmarian industry common 
throughout the Levant (Gilead 1981, 1991; Marks 1981). 
Debitage 
The most noticeable trend in the debitage is the changing frequencies of 
blades, bladelets and flakes (Table 5.1). Initially, during the Transitional A 
period, blades and bladelets represent a relatively small percentage of overall 
debitage (ca. 19% combined), despite the fact that blades m~e up a significant 
proportion of the tools. Flakes dominate the debitage during the Transitional A 
period. During the Transitional B period, bladelets are relatively more common, 
but debitage continues to be dominated by flakes and large blades. Thus, the 
changes in blade, bladelet and flake frequencies between the Transitional A and B 
periods appear gradual and continuous. This trend is punctuated by the 
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abundance of small bladelets appearing with the emergence of the Early UP 
period. This trend in the relationship between blades, bladelets and flakes is 
graphically illustrated in Figure 5.1. 
The frequency of primary elements (defined here as pieces having at least 
50% cortex) appears to vary very little over time at the site (Table 5.1). This stable 
Table 5.1. Debitage, Debris and Tools Recovered from Tor Sadaf, Grouped by 
0 t· P · d ccupa 10n eno s. 
Early UP Transitional B Transitional A Total 
Debitru:i:e N % N % N % N % 
Cores 87 .8 59 1.4 50 1.4 196 1.0 
CTEs 117 1.0 38 0.9 23 0.7 178 0.9 
Flakes 2546 22.6 1686 39.0 1426 40.3 5658 29.6 
Blades 758 6.7 489 11.3 468 13.2 1715 9.0 
Bladelets 2567 22.8 308 7.1 207 5.9 3082 16.1 
Burin Spalls 21 0.2 10 0.2 10 0.3 41 0.2 
Trimming Flakes 5163 45.6 1735 40.1 1356 38.3 8254 43.2 
total debitage 11260 79.7 4325 69.4 3540 74.8 19125 76.2 
Primary 628 5.6 230 5.3 199 5.6 1057 5.5 
Elements 
Debris 2518 17.8 1717 27.5 1072 22.7 5307 21.1 
Tools 
Endscrapers 45 13.4 34 17.5 19 15.7 98 15.1 
Burins 9 2.7 6 3.1 1 0.8 16 2.5 
Levallois Blade- 8 2.4 60 30.9 62 51.2 130 20.0 
Points 
Levallois Flake- 1 0.3 15 7.7 4 3.3 20 3.1 
Points 
Burin Cores 6 1.8 0 0.0 1 0.8 7 1.1 
Notches 6 1.8 8 4.1 5 4.1 19 2.9 
Denticulates 1 0.3 2 1.0 1 0.8 4 0.6 
Truncations 1 0.3 1 0.5 0 0.0 2 0.3 
Multiple Tools 0 0.0 2 1.0 2 1.7 4 6.2 
Retouched 6 1.8 13 6.7 2 1.7 21 3.2 
Flakes 
Retouched 20 6.0 29 15.0 13 10.7 62 9.5 
Blades 
Retouched 63 18.8 10 15.2 3 2.5 76 11.7 
Bladelets 
el-Wad Points 150 44.6 3 1.6 0 0.0 153 23.5 
Varia 20 6.0 11 5.7 8 6.6 39 6.0 
total tools 336 2.4 194 3.1 121 2.6 651 2.6 
Total Pieces 14133 56.4 6236 24.9 4732 18.9 25082 100.2 
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Figure 5.1. Frequencies of Flakes, Blades and Bladelets as Percentages of 
Debitage by Occupation Period at Tor Sadaf. 
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frequency suggests that variation in the curation and provisioning of the site with 
prepared cores are probably not important factors in terms of technological 
change at the site. This is not surprising, considering the large number of 
potential sources of raw material in the Hasa Basin. 
Changes in core trimming element (CTE) frequencies are of particular 
importance because they provide clues to reduction strategies. In general, CTEs 
become more frequent over time at Tor Sadaf, both as a percentage of debitage, 
and in terms ofCTE:core ratio (Tables 5.1, 5.2). CTEs from Tor Sadaffell into 
four general categories: core tablets, platform blades, crested blades and 
overpassed pieces (Figure 5.2). The frequencies of the four types of CTE varied 
over time at the site. It is particularly noticeable that no crested blades (lames a 
crete) were recovered from levels associated with the Transitional A and B periods. 
The lack of crested blades suggests that the unidirectional reduction strategy 
during the Transitional periods may not represent a fully developed blade 
technology; this would also account for the dominance of flakes in the debitage 
(Figure 5.1). The appearance of crested blades at Tor Sadaf coincides with the 
appearance of abundant blade and bladelet debitage during the EUP. 
A common form of CTE throughout all periods at Tor Sadaf consists of a 
blade that removed a lateral part of a platform. These CTEs have only been 
recently described from sites in southern Jordan (Coinman and Herny 1995: 144-
145, Coinman 1997b) and are currently not well understood. These "platform 
blades" are presumably related to the creation of a new platform or for the 
modification of the angle of a useful platform. Platform blades are typically 
initiated from the back of the core, transverse to the primary flaking surface. 
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Table 5.2. Ratios of Core Trimming Elements (CTEs) to Cores at Tor Sadaf. 
Early UP 
1.34 
Transitional B 
.64 
Transitional A 
.46 
Total 
.91 
These pieces typically have portions of the main platform of a core preserved on 
their distal aspect. 
The Transitional A and B periods show high frequencies of large, 
overpassed blades. These overpassed pieces were most often initiated from the 
core platform and removed a large portion of the face as well as the base of the 
core. Less often, they were initiated from the distal end of the core, and removed 
a large section of the platform edge. These elements are often slightly offset from 
the center of the core face, thus they trim the face of the core along lateral edges 
and the distal end. The overpassed CTEs from Tor Sadaf appear to be related to 
eclats debortantes (Meignen 1995, Marks and Monigal 1995) seen in a number of 
Middle Paleolithic assemblages in the Levant. Eclats debortantes are used as a 
means of maintaining lateral and distal core face convexity, permitting the 
removal of elongated and triangular Levallois points. The use of overpassed 
pieces as a means of creating core face convexity eliminates the need for radial or 
bi-directional preparation of the core face (Meignen 1995). Given the ve:ry high 
proportion of elongated points and blades from the Transitional A and B periods, 
this is likely to have been the function of overpassed CTEs at Tor Sadaf as well. 
The gradual increase in core tablet frequency is also an important clue to 
temporal changes in reduction strategies (Figure 5.2). Core tablets are ve:ry rare 
during the Transitional A, becoming noticeably more common during the 
Transitional B. By the Early UP, more than half of the CTEs recovered are core 
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tablets. The core tablet technique is common throughout the Levantine Upper 
Paleolithic, and serves as a means of rejuvenating the unfaceted platforms of 
unidirectional cores (usually blade cores). The gradual appearance of this type of 
CTE during the Middle to Upper Paleolithic transition has also been observed at 
Boker Tachtit (Marks 1983b, Marks and Ferring 1988, Volkman 1983). This 
evidence provides further support that a transition occurred from the Middle to 
Upper Paleolithic at the site. 
Tool Typology 
There are also important variations over time in terms of tool frequencies 
(Table 5.1, Figure 5.3). As discussed earlier in Chapter Four, for the purposes of 
this study unretouched Levallois points have been included among the tools. It is 
clear that points are the dominant tool form throughout the three occupation 
periods at the site. During the Transitional periods, the dominant tool form is the 
Levallois point, which I have subdivided into blade and flake points. 
Typologically, it is important to note that none of the Levallois points at Tor Sadaf 
were modified into Emireh points, such as those found among the transitional 
industry at BokerTachtit (Marks and Kaufman 1983, Marks 1983b) and 
sometimes referred to as Jossiles directeur of the Middle to Upper Paleolithic 
transition (Volkman and Kaufman 1983). 
During the Early UP, el-Wad points become the most prevalent tools (Table 
5.1, Figure 5.3). El-Wad points are a common tool form at a number of Early UP 
sites in the Levant (Gilead and Bar-Yosef 1993, Williams 1997, Coinman 1999, 
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Figure 5.3. Frequencies of Levallois and el-Wad Points as Percentages of Total 
Tools by Occupation Periods at Tor Sadaf. 
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Ferring 1988, Jones et al. 1983). The relatively rapid change from Levallois point 
production in the Transitional A and B periods to el-Wad point production in the 
Early UP period involved more than a simple shift in point typology. In general, 
point morphology in both transitional and Early UP contexts involves a minimum 
of modification by retouch (Bergman 1981; Marks and Ferring 1983:54). As 
Marks and Ferring (1988:54) have correctly pointed out, this implies that changes 
in point typology are a direct result of blank morphology and blank production 
technology. 
The shift in point production is paralleled in other, less formal categories of 
tools. A significant proportion of the tools from Tor Sadaf are classified simply as 
retouched blades and bladelets. Throughout the Transitional periods, retouched 
blades remain an important tool type (Table 5.1). During the Early UP however, 
these pieces are replaced with small retouched bladelets. The abundance of 
retouched blades and bladelets throughout all three occupation periods suggests 
that elongated pieces probably served numerous functions and were not limited to 
being manufactured for points. As will be shown in the subsequent analyses, the 
shift from production of retouched blades to retouched bladelets, and Levallois 
points to el-Wad points is not simply a change in tool typology and classification. 
The shift involved a change in core reduction strategies that is evident in both the 
tools and the debitage. 
In addition to the points, retouched blades and bladelets, the only other 
important tool forms at the site are scrapers. Although it is not specified in Table 
5.1, the vast majority of these scrapers are endscrapers on blades. This is 
significant typologically, since endscrapers are usually associated with the Upper 
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Paleolithic period and their importance in the Middle to Upper Paleolithic 
transition is not well understood. The evidence from Tor Sadaf suggests that this 
tool-form becomes important early in the Middle to Upper Paleolithic transition. 
Metric and Morphological Analyses 
Cores. A total of 196 cores were recovered from Tor Sadaf. The core 
sample shows significant technological change over time. The Transitional A 
period is associated with unidirectional blade and point cores with complex multi-
faceted platforms (Figures 5.4, 5.8). Cores from the Transitional Bare most 
commonly characterized by unidirectional (single platform) blade and point 
removals with simple, unfaceted platforms (Figures 5.4, 5.5, 5.8). The Early UP 
cores are almost entirely unidirectional blade/bladelet cores with simple 
unfaceted platforms (Figures 5.6, 5.7, 5.8). These trends are explored and 
el<lborated on in the analyses that follow. The full range of data collected from 
cores is shown in Appendix A. 
The core metric data show little or no immediate patterning by occupation 
period (Table 5.3). Length, width and thickness of cores vary very little over time 
at the site. This may serve as further evidence that raw material sources did not 
change significantly over time at the site. The only clearly noticeable feature from 
the core metric. data is the seemingly increased variability in core width, thickness 
and weight during the Early UP. This increased variability is reflected in the high 
standard deviations in these characteristics. During the Early UP at Tor Sadaf, 
the standard deviation in weight actually exceeds the mean, indicating the very 
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Figure 5.4. Faceted Platform Point Cores from Tor Sadaf. Top: Point Core from 
Transitional B Occupation; Bottom: Point Core from Transitional A Occupation. 
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Figure 5.5. Unfaceted Platform Point Cores from Tor SadafTransitional B. 
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Figure 5.6. Single-Platform Blade/Bladelet Cores from Tor Sadaf Early UP. 
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Figure 5. 7. Single-Platform Blade/Bladelet Core and a Changed-Orientation 
Blade/Bladelet Core from Tor Sadaf Early UP. 
7CP/o 
Wlo 
5CP/o 
4(1>/o 
3(1)/o 
2CP/o 
lCP/o 
84 
CP/o--1'-----~----~-----
&lrlyUP TransB TransA 
llSingle 
ml Multi 
Figure 5.8. Percentages of Single, Double and Multiple Platform Cores by 
Occupation Period from Tor Sadaf. 
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variable size of these cores. This high level of variability is probably due to the 
introduction of small cores used to produce bladelets during the Early UP. 
Platforms and blade/flake scars on cores were also analyzed for general 
trends in metrics and other characteristics. For the purposes of scar metrics, the 
last blank removal from each core was used. The platform and scar data provide 
some important clues to understanding the changes in reduction strategy that 
occurred at Tor Sadaf (Table 5.4). 
Baseq on the mean L:W ratios of blade/flake scars, it is clear that all three 
occupation periods show strong evidence of blade technology. Like many other 
aspects of the lithic analysis, this data shows little difference between the two 
Transitional periods and a more striking change with the emergence of the Early 
UP period. The Early UP period is marked by a strong increase in the laminar 
nature of scars on cores. Table 5.4 also shows that while the mean L:W ratio of 
scars on cores increases during the Early UP, so does the standard deviation 
associated with the mean. This is again indicative of more variability in types of 
cores after the addition of numerous small bladelet cores during the Early UP. 
The great majority of cores from Tor Sadaf are single-platform, 
unidirectional blade-cores (Figure 5.8). This is true for all of the three occupation 
periods. However, there are a handful of cores that do have more than one 
platform. The slight increase in frequency of double and multiple platform cores 
indicates an. important difference between the occupation periods. 
During the Early UP, there is an increase in the number of double and 
multi-platform cores that makes this period appear somewhat distinct from the 
other two. Like the core metric data, this change is probably the result of the 
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Table 5.3. Metric Attributes of Cores by Occupation Period from Tor Sadaf. 
Occupation Period Length Width Thickness Weight 
(mm) (mm) (mm) (grams) 
Early UP (n=82) 
mean 50.35 39.72 32.89 85.76 
sd 14.40 17.13 16.80 87.11 
Transitional B (n=54) 
mean 50.46 33.04 42.86 101.58 
sd 16.40 12.44 15.66 70.61 
Transitional A (n=48) 
mean 46.65 29.39 38.82 74.85 
sd 14.51 9.81 12.87 47.10 
Table 5.4. Metric Attributes of Flake Scars on Cores by Occupation Period. 
Occupation Period Scar Length Scar Width Scar L:W Ratio 
(mm) (mm) 
Early UP (n=82) 
mean 50.35 13.18 4.90 
sd 14.40 8.47 2.43 
Transitional B (n=54) 
mean 50.46 18.17 3.33 
sd 16.40 8.53 1.77 
Transitional A (n=48) 
mean 46.65 17.01 3.24 
sd 14.51 7.85 1.60 
introduction of many small bladelet cores. The increase in double and multiple 
platforms cores during the Early UP is due to the fact that bladelet cores are more 
easily altered by changing the cores' orientations during the reduction process 
due to the veiy thin, laminar pieces being removed. Thus the introduction of 
bladelet technology allowed for a more flexible reduction strategy in which new 
platforms could be created and core orientation could be altered in the midst of 
the reduction process. The increase in the flexibility of platform orientation 
during the Early UP is also reflected in the mean number of platforms per core 
(Table 5.5). 
The increase in the number of double and multiple platform cores and the 
mean number of platforms per core during the Early UP is not in fact reflective of 
a multiple platform core reduction strategy. The platforms on double and 
87 
multiple platform cores during the Early UP were created when a core was totally 
reortented and reduction continued using a single platform strategy. Thus, the 
platforms represent sequential stages of the same single platform reduction 
strategy. Similar single platform strategies resulting in multiple platform cores 
have been documented elsewhere in a Levantine transitional assemblage 
(Volkman 1983). 
Core platform metrtcs also change over time at the site (Table 5.5). These 
changes correlate with shifts in reduction strategy, especially the emergence of a 
bladelet ortented strategy in the Early UP. In general, Early UP cores have 
relatively narrower, thicker platforms than cores from the Transitional 
assemblages. These shorter, thicker platforms may come as a result of raw 
matertal selection, where relatively flat flint nodules were selected for bladelet 
production. These changes in platform metrtcs also correspond with shifts in 
platform preparation and blank removal. 
Analysis of core platforms monitored the frequencies of cores with 
unfaceted, dihedral and multi-faceted platforms (Figure 5.9). Cores classified as 
"Other" in Figure 5.9 include those with poorly defined, amorphous platforms and 
fragmented cores. Combining data from Table 5.5 and Figures 5.8 and 5.9, we 
can see that the Transitional A pertod is dominated by single-platform cores with 
multiple and dihedral faceted platforms (nearly 60% of the cores). The relatively 
short platforms on these cores are a function of the relatively high incidence of 
platform faceting, which trtms the platform as a means of controlling blank 
removal. The Transitional B pertod is also charactertzed many single platform 
cores (Table 5.5, Figure 5.8). Most of these cores have unfaceted platforms, but 
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Table 5.5. Mean Number of Platforms per Core and Core Platform Metric 
Attributes by Occupation Period from Tor Sadaf. 
Occupation Period Platform Width Platform Number of 
(mm) Thickness (mm) Platforms per Core 
Early UP (n=82) 
mean 31.22 35.58 1.62 
sd 18.63 18.76 .95 
Transitional B (n=54) 
mean 38.32 28.45 1.31 
sd 14.27 12.96 .91 
Transitional A (n=48) 
mean 34.86 23.82 1.23 
sd 15.72 12.54 .56 
dihedral and multi-faceted platforms are still common (over 30% of the cores) 
(Figure 5.9). The use of unfaceted platforms results in an increase in overall 
platform metrics on cores, as little or no trimming and preparation occurred on 
most of the platforms. 
During the Early UP, the shift to an oveiwhelming predominance of 
unidirectional cores with unfaceted platforms is complete (Table 5.5, Figures 5.8 
and 5.9). The Early UP cores are also characterized by abraded platform edges 
(Figure 5.10). Platform edge abrasion is used as a means of removing overhangs 
and regularizing the platform edge, probably in order to create a secure edge for 
placement of a punch or billet (Jones et al. 1983:286). Based on debitage counts 
(Table 5.1) and the scar width data (Table 5.4), we know these cores are 
associated with an abundance of blades and small bladelets. Relatively short 
platforms appear to be selected for, probably because length of the striking 
platform became less important as blanks removed were extremely narrow and 
thin. The trend is for short, thick platforms that would allow the removal of 
narrow blades and bladelets with minimal platform preparation. 
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Figure 5.9. Percentages of Cores with Unfaceted , Dihedral and Multi-Faceted 
Platforms by Occupation Period from Tor Sadaf. 
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Debitage. More than 1500 blades, bladelets and flakes were selected from 
all areas and levels of Tor Sadaf for detailed technological analyses. A complete 
list of attributes examined is provided in Appendix A. The various descriptive 
characteristics and metric attributes of the sample provide an excellent body of 
evidence suggesting changes in core reduction strategies employed at the site. 
Particularly useful are platform characteristics, which contain important 
technological information concerning how cores were prepared and how blanks 
were removed. 
In general, blades and bladelets showed far more patterning across levels 
than flakes, and thus they are the primary focus of the analyses presented here. 
The lack of clear patterning among flakes in the sample may be due to reduction 
strategies in which flakes are removed from cores early in the reduction process 
as a means of decortifying raw material. This conclusion is supported by the 
debitage analysis, where a comparison of cortical and non-cortical flakes, blades 
and bladelets shows that flakes are more frequently cortical elements, especially 
during the very blade-oriented Transitional Band Early UP periods (Table 5.6). In 
Table 5.6, cortical pieces refer to flakes, blades and bladelets with any cortex at 
all. 
Metric data gathered from blades and bladelets suggest a number of 
implications (Table 5. 7). In order to improve confidence in the similarities and 
differences observed in metric data, an analysis of variance test (AN OVA) was 
performed using a Scheffe post-hoc test to determine which occupations differed 
significantly from each other. The use of ANOVA was warranted since preliminary 
analyses showed that all three blade/bladelet samples were normally distributed 
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Table 5.6. Percentages of Sampled Flakes, Blades and Bladelets with Dorsal 
Cortex by Occupation Period from Tor Sadaf. 
Occupation Period Cortical Pieces Non-Cortical Pieces 
n % n % 
EUP 
Flakes 33 32.0 70 68.0 
Blades & Bladelets 135 19.1 570 80.9 
Transitional B 
Flakes 28 26.9 76 73.1 
Blades & Bladelets 39 17.2 188 82.8 
Transitional A 
Flakes 25 28.1 64 71.9 
Blades & Bladelets 45 26.0 128 74.0 
Table 5. 7. Metric Attributes of Complete Blades and Bladelets by Occupation 
Period from Tor Sadaf. 
Length: Width: 
Occupation Period Length Width Thickness Width Thickness 
(mm) (mm) (mm) Ratio Ratio 
Early UP (n=435) 
mean 46.19* 12.21 * 3.84* 4.10* 3.44* 
sd 16.20 5.78 2.06 1.21 .96 
Transitional B (n=l64) 
mean 57.94 20.53 7.11 2.99 3.16 
sd 19.16 7.34 3.11 .89 .84 
Transitional A (n=l60) 
mean 58.20 20.60 7.30 2.99 3.18 
sd 18.56 7.44 3.11 .84 .96 
*One way ANOVA and post hoc Scheffe tests confirm that the metric attributes and dimensional 
ratios of the Early UP blades and bladelet are statistically different than those from the 
Transitional A and B periods (p<.05). Scheffe's tests indicate that the Transitional A and B 
blades and bladelets represent homogeneous subsets of the same population. See Appendix B for 
full data on the ANOVA of blade and bladelet metrics. 
(Drennan 1996: 1 71-1 72). AN OVA indicates that significant differences in metric 
and ratio attributes exist between occupation periods (p<.05 for all five variables 
in Table 5. 7). Subsequent Scheffe tests indicate that the Early UP blade and 
bladelets differ significantly from the Transitional A and B blades and bladelets in 
all five variables in Table 5.7. Tests also indicate that no significant differences in 
blade/bladelet metrics exist between the Transitional A and B samples, and in 
fact the two Transitional samples appear as homogeneous subsets of the same 
population (see Appendix B for complete results of the ANOVA and Scheffe tests). 
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Thus, we can say with a statistically high degree of certainty that there is 
no difference in metrics, length:width ratios, or width:thickness ratios between 
the Transitional A and B periods. There is however, a marked change in all three 
metric and both ratio attributes with the emergence of the Early UP. Blades and 
bladelets from the Early UP are slightly shorter, and much narrower and thinner. 
The most dramatic shift occurs in length:width ratio, which shows an expected 
change to more elongated pieces during the EUP. The width:thickness ratio 
shows that this increase in elongation did not result in thicker blades/bladelets, 
but increasingly thinner blades/bladelets. 
Based on the count data (Table 5.1), the core scar data (Table 5.4), and the 
blade/bladelet metric data (Table 5.7), it seems clear that the Tor Sadaf 
assemblages are dominated by blade technology throughout all three occupation 
periods. Yet it is also clear that some significant changes occur with the onset of 
the Early UP. The change to thinner, more elongated blades and bladelets 
suggests both selective production by stone-tool manufacturers as well as a 
technological innovation that allowed for these types of blanks to be removed 
effectively. 
In order to monitor differences in core reduction strategies between the 
three occupation periods, detailed observations were conducted on the platform 
characteristics of blades and bladelets. Platforms proved to be particularly useful 
in inferring changes in flaking mode (sensu Newcomer 1975). As might be 
expected, Figure 5.11 indicates that a dramatic shift in core reduction strategy 
and flaking mode occurred with the emergence of the Early UP. The blades and 
bladelets during this late period have extremely small, linear platforms with 
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abraded or crushed dorsal platform edges. These platforms are so small as to 
almost certainly require the use of a punch technique. I have therefore referred to 
them as "punctiform" platforms (Jones et al. 1983:286, Coinman and Fox in 
press). It must be acknowledged though, that it might be possible to produce 
such small platforms using direct percussion, soft hammer technique (Newcomer 
1975). 
Platform morphology also shows a marked difference between the two 
Transitional periods at Tor Sadaf (Figure 5.11). The change documented is from 
multi-faceted, prepared platforms during the Transitional A period to unfaceted, 
simple platforms during the Transitional B period. This change is particularly 
interesting, given that data already presented has shown these two periods to be 
veiy similar in terms of debitage counts and debitage morphology (see Table 5.1, 
Table 5.7). Given the differences in frequencies of blades with unfaceted and 
multifaceted platforms during the Transitional A and B periods, it is expected that 
there should be significant differences in platform metrics that reflect changes in 
platform preparation. Blade and bladelet platform metrics from both transitional 
periods should in tum be significantly different than those from the Early UP 
(Table 5.8). 
In order to statistically test the differences observed in platform metrics 
across all three occupation periods, one-way ANOVA with Scheffe's post-hoc test 
was run on the platform metric data. The use of ANOVA was warranted here, 
since preliminaiy analyses indicated that the range of platform metrics are 
normally distributed. Results of the ANOVA and Scheffe's tests clearly indicate 
that data from each of the platform metric variables from each occupation period 
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Figure 5.11. Percentages of Blade Platform Types by Occupation Period from Tor 
Sadaf. 
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Table 5.8 . . Metric Attributes of Blade and Bladelet Platforms by Occupation 
Period from Tor Sadaf. 
Platform Platform Size 
Occupation Period Platform Width Thickness (WidthxThickness) 
(mm) (mm) (mm) 
EUP (n=709) 
mean 3.63* 1.54* 9.64* 
sd 3.29 1.39 26.80 
Transitional B (n=284) 
mean 11.86* 5.25* 83.26* 
sd 7.39 3.45 77.10 
Transitional A (n=225) 
mean 13.76* 5.83* 98.30* 
sd 7.15 3.33 85.18 
Note: One-way ANOVA and post hoc Scheffe tests confirm that the metric attributes blade/ 
bladelet platforms from all three occupation periods are statistically different from each other 
(p<.05). Scheffe's tests indicate that no homogeneous subsets exist. See Appendix B for full 
data on the ANOVA of blade and bladelet platform metrics. 
represent different populations (p<.05 for all three platform metric variables). 
Scheffe's test indicated no homogeneous subsets among the three samples. Thus 
statistical analysis of platform metric data provides a quantitative method of 
demonstrating difference between the Transitional A, B and Early UP 
assemblages. 
The differences seen in platform metrics between the two Transitional 
periods are a result of a change from dihedral and multi-faceted platforms to 
unfaceted, unprepared platforms. The extremely small metric indicators from 
blade and bladelet platforms during the Early UP are undoubtedly due to the 
prevalence of punctiform platforms during this period. It is important to note 
that although the Early UP period is characterized by very small mean platform 
metrics, there are relatively large standard deviations associated with these 
means. This large degree of variability is generated by the considerable number 
of large blades in the Early UP assemblage that are still being produced with 
large, unfaceted platforms. 
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Other features associated with the blade platforms can provide further 
insight into flaking mode and core reduction strategies at the site. The use of 
hard hammer, soft hammer and punch techniques frequently generate a variety 
of diagnostic attributes on the debitage created (Whittaker 1994: 186-187). These 
attributes occur primarily on the p:i;-oximal aspect of debitage, and include 
platform lipping, the prominence of the bulb of percussion and the presence of 
eraillure scars (Whittaker 1994:186-187; Henry et al. 1976). 
The presence of abundant platform lipping on blades and especially 
bladelets during the Early UP at Tor Sadaf provides evidence for the increased use 
of either punch or soft hammer direct percussion technology (Figure 5.12). Given 
the very small, linear nature of the platforms on most blades and. bladelets during 
the Early UP, lipping in the assemblage is almost certainly the result of the use of 
a punch. As would be expected, the presence of platform lipping on blades from 
the Transitional periods is quite rare. This suggests that most .blades and 
bladelets from the Transitional periods are produced using some form of direct 
percussion, probably hard hammer. 
The bulb of percussion is formed on chipped-stone artifacts as a direct 
result of the Hertzian cone of force generated during impact. It is expected that 
pieces produced using direct percussion technology, especially with hard hammer 
technique, will show more prominent bulbs of percussion than pieces removed 
using soft hammer or a punch. Observations on bulbs on blades support the 
assertion that there is a shift in flaking mode for the production of blades and 
bladelets from hard hammer technique during the Transitional periods to indirect 
percussion during the Early UP (Figure 5.13). The presence of eraillure scars can 
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Early UP Trans B Trans A 
Figure 5.12. Proportions of Lipped and Unlipped Blade Platforms by Occupation 
Pertod from Tor Sadaf. 
Pronounced 
Early UP Trans B Trans A 
Figure 5. 13. Proportions of Blade Platforms with Pronounced and Diffuse Bulbs 
of Percussion by Occupation Pertod from Tor Sadaf. 
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be used as an indicator of hard-hammer percussion as well. These chips are also 
called "parasitic flake scars" (Whittaker 1994), and are·a result of a relatively high 
load force at the point of impact (Henry et al. 1976). Eraillure scars are far more 
common on blades during the Transitional A and B periods than during the Early 
UP (Figure 5.14). These data provide further evidence that the technological 
changes at Tor Sadaf involve a shift away from a hard-hammer technology to 
punch technology for the production of blades. 
A final set of analyses dealt with the dorsal characteristics of the debitage 
sample. In particular, two characteristics were monitored. The first is dorsal 
ridge patterning. Ridges suggest some clues to reduction strategy since they 
represent the scars of previous flake or blade removals. Modem flintknappers 
have shown the importance of dorsal scar arrangement for the proper removal of 
flakes and blades of a desired form (Whittaker 1994, Meignen 1995). Levallois 
technologies are usually characterized by dorsal ridges that converge distally, 
giving the typical "Y" pattern that allows for the removal of preformed points from 
prepared cores. True blade technologies are typically characterized by parallel 
ridges that extend the full length of the blade or bladelet (Bar-Yosef and Kuhn 
1999). Radiating dorsal ridges are characteristic of discoidal Levallois and other 
Middle Paleolithic technologies that employ radial core reduction (Munday 1977, 
Meignen 1995). Virtually none of the debitage or cores from Tor Sadaf suggest 
that radial core reduction was an important part of the reduction process at the 
site (Table 5.9). This is not surprising, since radial core reduction is not 
associated with blade technology. To the extent that reduction during the 
Transitional A and B periods can be considered Levallois, it must have been a 
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Eraillure 
Early UP Trans B Trans A 
Figure 5.14. Proportions of Blade Platforms with Eraillure Scars by Occupation 
Period from Tor Sadaf. 
unidirectional method that focused on the removal of elongated blades and points 
(Meignen 1995). 
Since the assemblages from Tor Sadaf represent a shift in production from 
Levallois and Levallois-like blade-points to the production of bladelets for 
modification to el-Wad points , it was expected that changes in dorsal ridge 
patterns would be seen over time at the site. The blade and bladelet sample from 
Tor Sadaf shows that there is a change over time in favor of pieces with more 
parallel dorsal ridge patterns. It seems likely that this trend is the result of a 
developing true blade technology, which involved the use of punch technique for 
the removal of small blades/bladelets. The change in dorsal ridge patterns 
indicates the production of blades and bladelets with more parallel margins. 
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These straight-sided blades and bladelets -represent an important shift away from 
production of preformed Levallois blade-points. 
A second characteristic of interest on the dorsal aspect of blades and 
bladelets is the directionality of previous blade/bladelet scars. Directionality of 
previous removals can be determined by observing ripple-marks or compression 
rings left in fme-grained lithic material. This information is useful in 
understanding reduction strategies because it records the orientation of cores 
during the reduction process. Given the fact that the great majority of cores from 
Tor Sadaf are single-platform and unidirectional, it is not surprising that the 
differences in dorsal scar patterns across the three occupation periods varies very 
little (Table 5.10). 
Dorsal scar data corroborates what has been shown on cores - that the 
majority of reduction at Tor Sadaf was performed using a unidirectional method. 
There are however, a few subtle differences in the scar data between occupation 
periods. The slightly higher frequency of bi-directional and converging scar 
patterns on blades from the Transitional A and B periods (ca. 9. 7% and 7.8% 
respectively) suggests the presence of Levallois technology during these periods. 
Bi-directional and converging scar patterns on blades and bladelets are extremely 
rare during the Early UP. 
The lack of bi-directional scar patterns on blades and bladelets during the 
Early UP underlines an important point made earlier ab,:mt the Early UP core 
sample. The cores from this period show higher frequencies of multiple 
platforms, but it has been argued that these platforms were used sequentially, 
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Table 5.9. Percentages of Blades by Dorsal Ridge Patterns and Occupation 
Periods from Tor Sadaf. 
Occupation Period Dorsal Ridge Pattern n % 
Early UP Parallel 295 47.0 
Converging Distally 292 46.5 
Other 41 6.5 
Transitional B Parallel 87 44.4 
Converging Distally 100 51.0 
Other 9 4.6 
Transitional A Parallel 51 34.0 
Converging Distally 87 58.0 
Other 12. 8.0 
Total Parallel 433 44.5 
Converging Distally 479 49.2 
Other 62 6.4 
Table 5.10. Percentages of Blades with Dorsal Scar Directionality by Occupation 
Period from Tor Sadaf. 
Occupation Period Dorsal Scars n % 
Early UP Unidirectional from Base 427 94.5 
Converging from Base 4 0.9 
Bi-directional along Axis 19 4.2 
Other 2 0.4 
Transitional B Unidirectional from Base 107 91.5 
Converging from Base 1 0.9 
Bi-directional along Axis 8 6.9 
Other 1 .9 
Transitional A Unidirectional from Base 99 87.6 
Converging from Base 4 3.5 
Bi-directional along Axis 7 6.2 
Other 3 2.7 
Total Unidirectional from Base 633 92.8 
Converging from Base 9 1.3 
Bi-directional along Axis 34 5.0 
Other 6 0.1 
thus the assertion that the reduction strategy employed during the Early UP is 
essentially single-platform. The nearly complete absence of bi-directional scar 
patterns on blades and bladelets provides strong support for this interpretation. 
The presence of cores with two or more platforms that are associated with single-
platform reduction strategies has been documented in other transitional 
assemblages from the Levant (Volkman 1983, Marks and Volkman 1983). 
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Points. As reflected in the count data (Table 5.1), many of the blades and 
bladelets from Tor Sadaf were used as points. However, there are important 
differences in the types of points generated during different occupation periods. 
During the Transitional A and B periods, Levallois points were produced which 
were removed from cores in a preformed manner. These points require little to no 
modification after removal and were virtually never retouched (Figure 5.15). 
During the Early UP period, bladelets were modified into el-Wad points by means 
of distal, lateral, and basal retouch (Figure 5.16). The platform data presented in 
the previous section support the assertion that during the Transitional periods at 
Tor Sadafmost blades were produced using direct percussion, hard-hammer 
technology. The blades and many small bladelets characterizing the Early UP 
period were produced by means of indirect, punch technology. Similar data 
collected from Levallois and el-Wad points show parallels in technological change 
(Table 5.11). The data clearly indicate that el-Wad points are made strictly on 
pieces with small, punctiform platforms. Levallois points, however, are produced 
using direct percussion on both unfaceted and multi-faceted platform cores (Table 
5.11). 
Differences between el-Wad and Levallois points are also obvious in 
terms of metrics. El-Wad points are extremely small in comparison to Levallois 
points in all dimensions (Table 5.12). It is interesting to note, however, that 
despite drastic differences in metrics, width:thickness ratios are remarkably 
similar between the two groups. This contrasts with length:width ratios, which 
are almost doubled among el-Wad points. The similarity in width:thickness ratios 
in the two types may be a function of raw material mechanics. Alternatively, 
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--===--==-- cm 
Figure 5. 15. Levallois Points from Tor Sadaf. Top: Levallois Points with 
Unfaceted Platforms from the Transitional B Occupation; Bottom: Levallois Points 
with Multi-Faceted Platforms from the Transitional A Occupation. 
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Figure 5.16. El-Wad Points from the Early Upper Paleolithic Occupation Period 
from Tor Sadaf. 
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these similarities could also be explained as an aspect of optimal point design 
(Bleed 1986). If both types of points were produced for hafting, it seems possible 
that an optimal width:thickness ratio of ca. 3.2-3.4 was a desired goal for the 
production of satisfactory points. Unfortunately, either hypothesis is impossible 
to evaluate in this study. 
The frequencies of el-Wad and Levallois points at Tor Sadaf are closely 
correlated with the occupation periods at the site. Levallois points make up the 
dominant tool form during the Transitional periods while el-Wad points dominate 
during the Early UP (Table 5.1, Figure 5.3). With the exception of a few el-Wad 
points in the Transitional B assemblage and a few Levallois points in the Early UP 
assemblage, the two types are completely discrete in their temporal distribution at 
the site. Thus, el-Wad points seive as yet another indicator of the dramatic 
technological shift that occurred at Tor Sadaf with the emergence of the Early UP. 
Table 5.11. Percentages of el-Wad and Levallois Points with Punctiform, 
Unfaceted and Multi-Faceted Platforms by Occupation Periods from Tor Sadaf. 
el-Wad Points Levallois Points 
Platform Type n % n % 
Punctiform 152 100 0 0 
Unfaceted 0 0 89 64.5 
Multi-Faceted 0 0 49 35.5 
Table 5.12. Metric Attributes of el-Wad and Levallois Points from Tor Sadaf. 
Point Types Length Width Thickness L:WRatio W:Th 
(mm) (mm) (mm) Ratio 
el-Wad 
n 20 152 152 20 152 
mean 43.63 7.02 2.22 5.50 3.26 
sd 9.69 1.51 0.54 1.08 0.73 
Levallois 
n 111 153 153 111 153 
mean 58.16 22.89 7.09 2.64 3.37 
sd 14.72 6.13 2.28 0.72 0.83 
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Up to this point, the analysis of points has focused on the differences 
between el-Wad and Levallois points at Tor Sadaf. However, it remains to be 
shown that Levallois points at the site also vary over time, namely between the 
Transitional A and B occupation periods. Like the debitage, the Tor Sadaf 
Levallois points from the Transitional A and B periods differ primarily as a result 
of how cores were prepared prior to a point being removed. Metrically, the 
Levallois points from the two transitional periods are virtually identical (Table 
5.13). 
Independent samples, two-tailed t-tests confirm that metrically, there are 
no statistically significant differences in metric attributes shown in Table 5.13 
between Levallois points from the Transitional A and B periods (see Appendix B 
for complete data). Differences can be seen, however, between the types of 
platforms found on Levallois points during each time period. The Transitional A 
period is dominated by points with double- and multi-faceted platforms, while the 
Transitional B period is dominated by points with unfaceted platforms (Figure 
5.17). This difference in platform morphology between Levallois points from the 
Transitional A and B assemblages mirrors that seen among the cores (Figure 5.9) 
and debitage (Figure 5.11). 
CONCLUSIONS 
This chapter has provided an abundance of technological data and analysis 
of the chipped-stone assemblages from Tor Sadaf. The analysis has been guided 
by several overall objectives. First, the analysis has sought to demonstrate that 
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Table 5.13. Metric Attributes of Levallois Points from the Tri;Ulsitional A and B 
Occupation Periods from Tor Sadaf. 
Occupation Period Length Width Thickness L:W W:Th 
(mm) (mm) (mm) Ratio Ratio 
Transitional B (n=54) 
mean 59.08 22.28 7.32 2.71 
sd 15.98 5.07 2.36 0.70 
Transitional A (n=48) 
mean 57.84 22.88 7.28 2.66 
sd 14.13 6.22 2.31 0.76 
Note: Two-tailed independent samples t-tests indicate that there are no significant differences 
in 'lransitional A and B Levallois point metrics, L:W ratios or W:Th ratios. See Appendix B for 
complete data on t-tests. 
3.20 
0.76 
3.25 
0.66 
the division of the Tor Sadaf lithic material into three stratigraphically defined 
assemblages is both warranted and heuristically useful. Second, analysis of 
cores and debitage has sought to reveal important aspects of the core reduction 
strategies employed during these three occupation periods. Finally, analysis of 
the debitage and points from the site have sought to demonstrate the importance 
of points as a major goal oflithic reduction at Tor Sadaf. Each of these topics is 
addressed in this section. 
The abundance and variety of data presented here clearly show that 
significant technological change occurred over time at Tor Sadaf. These changes 
are reflected in debitage and tool percentages, CTE frequencies, core type 
frequencies, core platform and faceting attributes, debitage and tool platform 
attributes, and debitage and tool metric attributes. These analyses have 
demonstrated that there are important differences between the three hypothetical 
occupation periods used in the analysis. 
The Transi-tional A period is characterized by a number of distinctive 
technological features. Lithic reduction centered on the production of blades and 
flakes removed from cores using hard hammer percussion. Cores were 
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predominately unidirectional and single-platform. Cores were typically prepared 
by flaking of the striking surface, producing an abundance of dihedral and multi-
faceted platforms on both cores and debitage. Although blades and elongated 
points are abundant in the Transitional A levels, CTEs commonly associated with 
blade industries (lames a crete) were not recovered. Cores were rejuvenated and 
shaped by removal of large, overpassed blades resembling eclats debortantes, 
often associated with unidirectional (Levallois recurrent) core reduction strategies 
of Levantine Mousterian industries (Meignen 1995, Marks and Monigal 1995, 
Meignen and Bar-Yosef 1992). Overpassed blades provided an effective means of 
maintaining core face convexity for the removal of elongated points. Only two 
core tablets were recovered from these levels at Tor Sadaf, suggesting that the 
core tablet technique was not an important part of the reduction sequence during 
the Transitional A. 
During the Transitional A, production of Levallois points was a major 
objective of lithic reduction at Tor Sadaf, reflected in the abundance of this tool. 
Platforms on Levallois points reflect the same pattern of faceting as observed on 
blades and cores from the Transitional A. The only other important tool class 
from this period is endscrapers. Both the technological and typological aspects of 
the Transitional A materials support the argument that the materials represent 
an industry truly "transitional" between the Middle and Upper Paleolithic. 
The Transitional B assemblage appears to be technologically continuous 
with the Transitional A assemblage in all respects, and apparently represents a 
next stage in the evolution of the transitional industry. Cores continue to be 
reduced using a unidirectional, single-platform strategy. As in the Transitional A 
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materials, no lames a crete were recovered. However, the frequency of dihedral 
and multi-faceted platforms on cores and debitage drops precipitously with a 
corresponding increase in unfaceted platforms. The change in platform 
preparation is correlated with the appearance of the core tablet technique, where 
the entire platform surface is rejuvenated by the removal of a large flake 
originating at the front of the core. Core tablets are abundant in the Transitional 
B levels, indicating that this technique had become an important means of core 
rejuvenation. Cores were also still rejuvenated and shaped using the large, 
overpassed pieces seen in the Transitional A as well. Thus, the use of overpassed 
blades continued to be the principle means of maintaining the distal and lateral 
convexity of unidirectional blade and point cores. 
Debitage in the Transitional B assemblage continues to be dominated by 
flakes and large blades, though the frequency of bladelets.is greater than in the 
Transitional A assemblage. Platform attributes of the blades in the assemblage 
suggest that most were removed from cores using a hard-hammer percussion 
technique. H.owever, there is some increase in the incidence of diffuse bulbing on 
blades, suggesting that soft-hammer technique may also have played a role in 
blade/bladelet production during this period. 
Tool frequencies are also similar to those seen in the Transitional A 
assemblage, being dominated by endscrapers on blades, retouched blades and 
unretouched Levallois blade-points. The presence of so many tools on pieces with 
blade proportions supports the notion that blade production continued to be an 
extremely important objective of lithic reduction at the site during the 
Transitional B period. Levallois points from the Transitional B assemblage are 
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metrically and morphologically indistinguishable from those of the Transitional A 
assemblage with one important exception: platform dimensions. The platforms 
on Levallois points from the Transitional B assemblage mirror changes in the 
cores and blade debitage; they have predominately unfaceted platforms. Thus, 
analyses indicate that the change from the Transitional A to the Transitional B 
involved a technological, but not a typological shift. 
The Early Upper Paleolithic assemblage from Tor Sadaf shows strong 
technological and typological contrasts with the previous assemblages. Cores 
continue to be predominately unidirectional, single-platform cores. However, 
dihedral and multi-faceted platforms become almost entirely absent, replaced by 
cores with unfaceted platforms. There is a corresponding increase in the 
frequency of core tablets, which are the most abundant CTE during the Early UP. 
This suggests that the core tablet method replaced the use of platform faceting as 
a means of maintaining platform shape and edge angle. There are also a number 
of true lames a crete from the Early UP levels, indicating that the method of 
cresting cores in order to create a ridge for the initiation of blade removals had 
become common at the site. The removal of large, overpassed pieces is no longer 
evident as a means of shaping and trimming cores. 
Cores show ve:iy high frequencies of platform edge abrasion as a means of 
removing overhangs and irregularities, indicating that regularization of platform 
edges had become important. The abundance of unfaceted platforms with very 
regularized edges can be explained by the emergence soft hammer and especially 
indirect percussion techniques in the Early UP period at Tor Sadaf. 
Regularization of the platform edge was a necessary step in order to strengthen 
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the platform edge for the production of elongated bladelets of very specific 
dimensions. Although it has been shown in replication studies that very fine 
bladelets of Upper Paleolithic characteristics can be produced using direct soft-
hammer percussion (Newcomer 1975), the extremely small size of platforms on 
blades and bladelets from the Early UP suggest that indirect percussion is more 
likely to have been the flaking mode that generated these pieces. 
The Early UP at Tor Sadaf is also marked by the proliferation of blades and 
especially bladelets in the assemblage. Blades and bladelets comprise over 25% 
of the debitage, actually outnumbering flakes for the first time. The overwhelming 
majority of blades and bladelets from this period possess small, punctiform 
platforms that exhibit abrasion on their dorsal aspects - another indicator of 
platform edge regularization for the purpose of setting up a secure edge for the 
use of indirect percussion. It must be remembered that the emphasis on indirect 
percussion in terms of blade and bladelet production does not imply that direct 
percussion was not still an important aspect of the reduction strategy during this 
period. Direct-percussion undoubtedly was employed for decortification, 
preparation and rejuvenation of cores. Soft hammer and more often, indirect 
percussion were probably reserved for the very end of the reduction process on 
many cores - the removal of series of small, symmetrical bladelets. 
Changes are also evident within the tool kit during the Early UP period. 
Endscrapers on blades remain the only important category of tool that does not 
change dramatically from the Transitional B to the Early UP period. Retouched 
blades decline in importance and Levallois points all but disappear. Bladelet 
tools become the overwhelming majority, with retouched bladelets and el-Wad 
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points constituting over 65% of the tool kit. El-Wad points are particularly 
abundant. These points were produced using a the same technique as most 
bladelets in the Early UP assemblage - using a punch. Analyses suggest that el-
Wad points were produced on the very longest, narrowest and thinnest bladelet 
blanks available. This suggests a high degree of selectivity in el-Wad production, 
which in turn suggests that specific morphological criteria were important in the 
proper production of an el-Wad point. The most likely set of criteria concerned 
selecting a bladelet suitable for hafting and use as a projectile. 
Typologically speaking, the Early UP assemblage at Tor Sadaf fits the 
definition of the Ahmarian. This industry is defined by an abundance of blade 
and bladelet debitage and tools, and a tool kit with a general paucity of 
endscrapers and burins (Gilead 1981, 1991; Marks 1981a). This definition 
appears to describe the Tor Sadaf Early UP assemblage despite a fairly high 
frequency of endscrapers. The Tor Sadaf Early UP assemblage would clearly fall 
within the Early Ahmarian, a geographically and temporally broad type of 
assemblage in the Levant (Jones et al. 1983, Ferring 1988, Coinman and Henry 
1995, Williams 1997a, Ohnuma and Bergman 1990). However, Tor Sadaf 
represents the only known Early Ahmarian site in the southern Levant that is 
stratigraphically continuous with assemblages diagnostic of the Middle to Upper 
Paleolithic transition. The only other site containing such a continuous sequence 
is Ksar Akilin Lebanon (Azoury 1986, Ohnuma and Bergman 1990, Marks and 
Kaufman 1983, Jones et al. 1983). 
The division of the Tor Sadaf lithic material into three stratigraphically and 
technologically defined assemblages has had important heuristic value here. This 
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division should not necessarily be understood as identifying "real" and 
meaningful cultural or temporal boundaries within the site. Given the nature of a 
transitional assemblage, it seems clear that where discrete classificatory lines are 
drawn will always be somewhat arbitrary (Marks 1983b:84). This analysis has 
sought to examine one possible means of subdividing the assemblages from Tor 
Sadaf: by means technological features associated with core reduction strategies. 
By analyzing other axes of variability, it might be possible to identify other phases 
or stages of a transitional industry at Tor Sadaf. One issue remains clear, the 
importance of point production at Tor Sadaf remains central throughout the 
sequence. The importance of evolving point forms for understanding the Middle 
to Upper Paleolithic transition and Early UP has been suggested before (Marks 
and Ferring 1983:53-54; Bergman 1981). Evidence from Tor Sadaf underlines 
this issue all the more. 
In the following chapter, various attributes of the Tor Sadaf lithic materials 
are compared to those from other Levantine sites in an attempt to place Tor Sadaf 
into the broader chronological framework of the transitional and Early UP 
periods. 
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CHAPTER VI 
TOR SADAF IN COMPARISON WITH OTHER KNOWN 
ASSEMBLAGES FROM THE LEVANT 
INTRODUCTION 
In order to understand the Tor Sadaf lithic assemblages in a larger context, 
this chapter compares the three occupation periods from the site with other 
assemblages from Levantine Paleolithic sites. Unfortunately, few sites from the 
Late Middle, transitional or Early UP periods are known from the Wadi al-Hasa. 
The paucity of sites may be due to the high lake stands thought to have existed at 
ca. 40 KYA in the Hasa Basin (Schuldenrein and Clark 1994}. These high lake 
levels may have obliterated Mousterian and MP-UP transitional lakeshore sites. 
Thus only one other site that appears technologically to date to the Early UP has 
been located and tested in the Hasa: EHLPP 1 (Olszewski et al. 1998}. Data from 
EHLPP 1 is highly preliminary, however, and of limited utility for comparative 
purposes. There are, however, abundant opportunities for comparison with well 
documented sites from other parts of the Levant. 
There are several overarching goals to this chapter. First, technological 
and typological comparison of the Tor Sadaf lithic assemblages with other known 
sites is used to place Tor Sadaf into the broad chronological sequence known for 
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the Levantine MP-UP transition and Early UP. Contrasts in technology and 
typology also shed light on assemblage variability across the Levant, an important 
issue since only a handful of transitional sites are currently known. Finally, the 
now improved database on the MP-UP transition and Early UP can be used to 
make some preliminary conclusions concerning the potential cause and nature of 
the evolution of lithic industries during this key period in prehistory. 
THE MIDDLE TO UPPER PALEOLITHIC TRANSITION 
Several key Levantine sites offer the opportunity to document and 
understand the nature of the Middle to Upper Paleolithic Transition in the region. 
Unfortunately, many of these allegedly transitional assemblages face major 
problems in terms of their interpretive potential. The most important problems 
concern when and how the sites were excavated and described (see discussion in 
Marks 1983b:52-57; Bar Yosef and Vandermeersch 1972). Archaeological 
methods have come a long way since the first half of this century, when many of 
these sites were excavated. All too often, it is unclear exactly what excavation 
and collection strategies were employed at the sites and how stratigraphies were 
interpreted (Ohnuma and Bergman 1990:94; Marks 1983b:52-57; also see 
Chapter Two of this document). At this point, two sites have been adequately 
reported and described for comparison with the Transitional occupations at Tor 
Sadaf: Boker Tachtit in the central Negev and Ksar Akil in Lebanon. Both of 
these sites are widely accepted as possessing at least elements, if not a complete 
sequence, of a transitional industry that bridges the gap between the Late 
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Levantine Mousterian and the earliest Upper Paleolithic (Marks 1983b, Ohnuma 
and Bergman 1990, BarYosef 1999). 
Ksar Aldi, Lebanon 
The Lebanese site of Ksar Akil was excavated in the 1930s. Although 
excavation suffered from many of the methodological drawbacks of the day, the 
assemblage has recently been reanalyzed and published (Ohnuma and Bergman 
1990; Bergman 1988, 1989). Most prehistorians now acknowledge that the site 
does contain an assemblage transitional between the Middle and Upper 
Paleolithic (Marks 1983b). However, there also appears to be at least one major 
stratigraphic break in the assemblage, frustrating attempts to demonstrate that 
the transitional assemblage is descended from the Mousterian industry at the site 
(Marks 1983b:25). Based on descriptions by Ohnuma and Bergman (1990), it 
does appear that there is continuity between the Ksar Akil transitional and what 
appears to be a true UP assemblage of Early Ahmarian characteristics. 
The transitional industry at Ksar Akil is represented by Levels XXI-XXIII 
(Ohnuma and Bergman 1990). The assemblage from these-levels is characterized 
by what has been called an "evolved" Levallois technology focused on the 
production of elongated blades and Levallois-like points by means of hard-
hanmier percussion (Azou:ry 1986, Ohnuma and Bergman 1990:112-114). Cores 
are predominantly single-platform, unidirectional and commonly have dihedral or 
multi-faceted platforms (Ohnuma and Bergman 1990:100-112). These 
characteristics give the core sample similar attributes to those seen in the Tor 
$adaf Transitional A and B occupation periods (Table 6.1). The transitional 
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industry at Ksar Akil (Levels XXIII-XXI) gives way to one more typical of the Upper 
Paleolithic (a blade/bladelet industry utilizing soft-hammer and punch 
techniques) somewhere between Levels XXI and XX (Ohnuma and Bergman 
1990:114). 
Boker Tachtit, Central Negev 
The site of Boker Tachtit was the first site clearly associated with the MP-
UP transition excavated using modem techniques (Marks 1977, 1983a). In 
addition to fine-grained excavation methods, the lithic assemblage has been 
subjected to extensive refitting and core reconstruction resulting in one of the 
best described lithic assemblages in the whole of the Levant (Volkman 1983, 
Marks 1983a,b; Marks and Volkman 1983; Marks and Kaufman 1983). As a 
result of detailed analy~es, the core reduction strategies employed during the MP-
UP transition at Boker Tachtit are well known and provide an excellent template 
with which to consider reduction strategies at other sites from the period (e.g. 
Ohnuma and Bergman 1990, Marks 1983b). 
The technological sequence described for Boker Tachtit can be summarized 
as follows. Level 1 is the stratigraphically oldest level at the site. It is 
characterized by a bi-directional, opposed-platform Levallois technology that 
focused on the production of elongated blades and points using hard hammer 
percussion (Volkman 1983:138-148; Marks 1983b:68-70). Evidence of this 
technology is clearly visible in the core data from Level 1 (Table 6.1). Cores were 
prepared with platform faceting and by creation of a lames a crete prior to blade 
production. A series of blades were then removed, with the platform alternating 
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Table 6.1. Percentages of Core Types from Tor SadafTransitional A and B, Boker 
Tachtit Levels 1-4, and Ksar Akil Levels XXIII-XXI. 
Site / Levels n Single-Platform Opposed and Multi Changed 
Platform Orientation, 
Discoidal and Others 
Tor Sadaf 
Trans B 54 77.8 13.0 9.3 
Trans A 55 80.0 20.0 0.0 
Boker Tachtit' 
Level 4 52 67.3 25.0 7.7 
Level 3 34 23.5 64.7 11.8 
Level 2 198 10.6 71.2 18.2 
Level I 59 0.0 86.4 13.6 
Ksar Akil2 
XXI 75 68.0 16.0 16.0 
XXII 147 45.6 21.1 33.3 
XXIII 110 31.8 32.7 35.5 
1Dat;1 from Volkman 1983:136. 2Data from Ohnuma and Bergman 1990:Table 5.6. 
often from one end of the core to the other. This series of blade removals 
generates a large proportion of the debitage recovered from Level 1 (Table 6.2). 
Reduction culminated in the production of one or two Levallois points from 
each core, after which most cores were discarded (Volkman 1983: 139,148). These 
points represent nearly half of the tool assemblage from Level 1 (if Emireh points 
are included)(Marks and Kaufman 1983:80)(Table 6.3). A number of the Levallois 
points from Level 1 were basally retouched to create Emireh points. Emireh 
points were first suggested as afossile directeur of the Middle to Upper Paleolithic 
transition by Garrod (1951:124). Although the validity of the Emireh point as a 
useful type fossil of the transition has been questioned (Binford 1968, Schick and 
Stekelis 1977), the association of this point with the transitional industry at 
Boker Tachtit has resulted in a reconsideration of these points as possible type 
fossils (Marks 1983b, Volkman and Kaufman 1983). 
In addition to the Levallois and Emireh points, Level 1 has a tool 
assemblage with low numbers of endscrapers and burins (about 20% 
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combined)(Table 6.3). In comparison to Tor SadafTransitional A and B, 
endscrapers are relatively rare, while burins are more abundant (Table 6.3). 
Level 2 is characterized by a continuation of the hard hammer bi-
directional Levallois method with the important addition of several other 
reduction strategies including discoidal and single-platform methods (Marks 
1983a:70-71). Faceted platforms continue to be common among both the cores 
and the debitage (Table 6.2). The appearance of the single-platform reduction 
strategy is related to the appearance of core tablets in the debitage (Table 6.2). 
Marks has characterized Level 2 as having an increase in technological 
complexity (Marks 1983a:70), a period in which technology varied more than 
what went before or came after. 
Levallois points appear to decrease in importance during this period at 
Boker Tachtit, as they represent only 26.8% of the tool assemblage (again, 
including Emireh points)(Marks and Kaufman 1983:99). Emireh points are also 
less abundant, though still present (representing about one-third of the points in 
the tool assemblage)(Marks and Kaufman 1983:99). Endscraper frequencies 
remain stable, while burins become significantly more common (Table 6.3). 
Level 3 produced the smallest sample size for comparison with the other 
levels, but core reconstructions were still possible. The reduction strategy evident 
is one dominated by single platform cores with faceted and unfaceted platforms, 
reduced by hard hammer percussion (Marks 1983b:73-74)(Table 6.1). This trend 
is noticeable in the debitage by increased frequencies of blades with 
unidirectional dorsal scars (Table 6.2). Although the tool sample is small, it is 
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clearly dominated by large points, including a single Emireh point (Table 
6.3)(Marks and Kaufman 1983: 110). 
The transition to a predominately single-platform reduction strategy is 
complete in Level 4, where virtually no opposed platform cores were recovered 
Table 6.2. Technological Features of the Tor SadafTransitional A and B, Boker 
Tachtit Levels 1-4, and Ksar Akil Levels XXIII-XXI. 
%of % of Blades % of Blades % of Blades 
Total Blade/ with with with Evidence of 
Pieces Bladelet Unidirectional Unfaceted Faceted Core Tablet 
Site / Levels Debitage Scarring Platforms Platforms Technique 
Tor Sadaf 
Trans B 2590 33.1 1 91.5 76.4 13.2 Yes 
Trans A 2184 33.71 87.6 49.0 44.8 No 
Boker 
Tachtit2 
Level 4 4465 49.8 76.3 52.3 43.3 Yes 
Level 3 2156 34.5 49.7 46.3 42.8 ? 
Level 2 9390 27.6 38.7 46.9 49.1 Yes 
Level 1 4243 39.0 38.8 57.9 38.0 No 
Ksar Akil3 
XXI 256 71.2 49.2 ? ? ? 
xxn 871 73.4 56.4 ? ? ? 
XXIll 296 65.2 40.7 ? ? ? 
1Percentages ofBlades/Bladelets from Tor Sadafwere calculated by removing trimming flakes from 
the debitage. This made the data comparable with Marks (1976:374) and colleagues, who count 
trimming flakes as debris. 
2Data taken from Marks (1983a:80-81) and Marks and Kaufman (1983:103-125). 
"Data from Ohnuma and Bergman 1990:100-110. 
Table 6.3. Comparison of Common Tool Types from the Tor Sadaf Transitional A 
and Band Boker Tachtit Levels 1-4. 
Site / Levels Total Endscrapers % Burins % Points (Non-Levallois 
Tools and Levallois) % 
Tor Sadaf 
Trans B 194 17.5 3.1 38.7 
Trans A 121 15.7 0.9 54.6 
Boker Tachtit1 
Level 4 193 22.1 9.7 39.9 
Level 3 25 0.0 8.0 52.0 
Level 2 249 12.4 22.8 26.8 
Leve11 89 9.8 11.2 48.4 
Ksar Akil Data Unavailable 
1Data Taken from Marks and Kaufman 1983:103-125 
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(Table 6.1). The debitage is approximately 50% blades, most with unidirectional 
scarring and an even distribution of faceted and plain platforms (Table 6.2)(Marks 
and Kaufman 1983:112). The frequency of points is high in Level 4 (Table 6.3), 
but here most are produced using the unidirectional technique in contrast to 
Levels 1 and 2, and there are no Emireh points present at all. This last level of 
Boker Tachtit has been called the "Initial Upper Paleolithic" (Marks and Ferring 
1988:52-56) due to its essentially Upper Paleolithic reduction strategy. 
Summary 
The opposed-platform method so common in Levels I and 2 at Boker 
Tachtit has been clearly demonstrated through core reconstructions (Volkman 
1983). At this point, the reduction strategy employed at the site has not been 
documented anywhere else in the Levant. Marks has argued that Level 1 and its 
associated opposed platform reduction strategy represents a terminal Levantine 
Mousterian assemblage (Marks 1983b:68-70) based on the essentially Levallois 
characteristics of the assemblage. This assertion is also supported by three 14C 
dates from Boker Tachtit Level 1 (>45 KYA, >47 KYA and 47,284 ± 9,048 
KYA)(Marks 198lb:289, 1983b:67-68). For Marks, the definition of Levallois 
concerns the degree to which cores were initially shaped for the purpose of 
producing a true Levallois point (Marks 1983b:75-76; Marks and Ferring 53-54). 
In a "true" Levallois technique, Marks argues that Levallois points should 
represent the end product of core reduction (Marks 1983b:63-64); Thus, cores 
that produce morphological Levallois points, but were not preformed early in the 
reduction process for the purpose of point production and were not discarded 
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immediately after a point was struck are not considered Levallois by Marks 
(Marks 1983b:63-64). On these bases, Marks has argued that Level 1 at Boker 
Tachtit represents the only truly Levallois industry at the site, and has argued 
that no true Levallois industry exists in the transitional levels of Ksar Akil. 
In the absence of complete core refitting, it remains difficult to resolve the 
"Levallois vs. non-Levallois" issue for many prehistorians (Copeland 1981; Boeda 
1995:41-45). Recent studies indicate that many of the traditional conceptions of 
Levallois cannot serve as adequate criteria of definition, as the method involves 
more variability than was previously thought. In recent literature, numerous 
types of Levallois technique have been documented, including those that produce 
elongated blade and point blanks (Marks and Monigal 1995, Demidenko and Usik 
1993, Crew 1976, Lindly and Clark 1987, Bar-Yosef and Kuhn 1999), and those 
that are marked by a single-platform reduction strategy (Meignen 1995, Meignen 
and Bar-Yosef 1992). Thus classifying the Ksar Akil and Tor Sadaf assemblages 
is problematic, especially since it has already been conceded that these 
assemblages have some blend of traits transitional between the Middle and Upper 
Paleolithic. 
Whether Levallois or not, the blades and points from Tor Sadaf show 
remarkable morphological similarity to those from Boker Tachtit (Table 6.4). All 
of the metric means from the blade and point samples fall well within 10 mm of 
each other, both between levels and between sites. This clearly indicates that 
points of specific metric dimensions were a major goal of lithic reduction at both 
sites. The technological variability seen both between levels and between sites 
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illustrates that a range of reduction strategies was available to prehistoric 
flintknappers that would result in typologically similar assemblages. 
THE EARLY UPPER PALEOLITHIC (EARLY AHMARIAN) 
The Early Upper Paleolithic period has a greater number of well-excavated 
and reported sites that can be compared with the Early UP assemblage from Tor 
Sadaf. In fact, interest in the Early UP of the Levant has blossomed in the last 
twenty years, with a variety of survey and excavation projects that have shed new 
light on the Upper Paleolithic as a whole (e.g. Bar Yosef and Phillips 1977, Gilead 
1981, Marks and Ferring 1988, Phillips 1988, Gilead and Bar-Yosef 1993, 
Table 6.4. Metric Attributes of Blades/Bladelets and Points (Levallois and Non-
Levallois) from Tor SadafTransitional A and Band Boker Tachtit Levels 1-4. 
BLADES Length (mm) Width (mm) Thickness (mm) 
Site / Levels mean sd mean sd mean sd 
Tor Sadaf 
Trans B 57.9 19.2 20.5 7.3 7.1 3.1 
Trans A 58.2 18.6 20.6 7.4 7.3 3.1 
Boker Tachtit1 
Level 4 63.4 24.0 22.3 9.1 6.8 3.9 
Level 3 51.7 22.3 19.8 7.3 6.6 3.2 
Level 2 51.5 21.2 19.8 8.7 6.5 3.6 
Levell 52.5 23.2 19.2 9.2 5.8 3.4 
Ksar Akil Data Unavailable 
POINTS 
Site / Levels 
Tor Sadaf 
Trans B 59.1 16.0 22.3 5.1 7.3 2.3 
Trans A 57.8 14.1 22.9 6.2 7.3 2.3 
Boker Tachtit2 
Level 4 68.02 20.02 22.02 7.02 6.02 3.02 
Level 3 Unpublished 
Level 2 59.02 21.02 26.02 6.02 7.02 4.02 
Levell 50.02 20.02 24.02 8.02 5.62 6.02 
Ksar Akil Data Unavailable 
1Data taken from Marks l 983a:8 l. 
2Estimated from Marks and Kaufman 1983:Figure 5-28. 
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Coinman and Herny 1995). This increased interest in the period relates to the 
realization in recent years that the Levantine Upper Paleolithic represents an 
important phase of local adaptation and needs to be understood in its own terms 
rather than on the basis of purely European systematics (Marks 1990:56-58; also 
see Chapter Two). This has resulted in an increasing body of literature 
surrounding the origin, evolution and development of the Levantine Upper 
Paleolithic (Bar Yosef and Belier-Cohen 1988, Ferring 1988, Marks and Ferring 
1988, Williams 1997a, Fox and Coinman 2000, Coinman and Fox in press). 
Based on technological and typological features, it seems clear that the 
Early UP assemblage from Tor Sadaf represents yet another manifestation of the 
lithic industry_widely known in the Levant as the Ahmarian (Gilead 1981, Marks 
1981b). Assemblages from this industry are recognizable by their high 
frequencies of blades and bladelets among both debitage and retouched tools. 
The Ahmarian stands in contrast to the later UP entity known as the Levantine 
Aurignacian, an industry associated with an essentially flake-oriented technology 
and a tool kit dominated by endscrapers and burins (Gilead 1981, Marks 1981b). 
As discussed at length in Chapter Five, the Tor Sadaf Early UP assemblage 
provides further evidence that the Earliest Ahmarian of the Levant evolved from a 
Middle to Upper Paleolithic transitional industry (Fox 1999a,b; Coinman and Fox 
in press; Fox and Coinman 2000). 
The earliest date from an Ahmarian assemblage is approximately 38 KYA 
and comes from Boker A, in the central Negev Desert (Marks and Ferring 
1988:56). In addition to Boker A, n"!--lmerous other sites of Ahmarian description 
have been dated from the Sinai at Abu Noshra (Phillips 1988), Gebel Maghara 
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(Bar-Yosef and Phillips 1977:264; Gilead 1991: 119-120) and Qadesh Barnea 
(Gilead and Bar Yosef 1993:276-277). The dates from these sites place them all 
in the range of ca. 38-30 KYA, representing the early phase of the Ahmarian 
(Gilead and Bar Yosef 1993:276-277). The Late Ahmarian is dated to ca. <25 
KYA, and has been differentiated on the basis of an increasingly refined bladelet 
technology (Coinman 1999, Ferring 1988). 
Although no dates are available from a large number of sites, current 
evidence suggests that the Early Ahmarian is a widespread phenomenon in the 
southern Levant (Coinman and Herny 1995, Williams 1997b, Kerry 1998, Fox 
and Coinman 2000, Coinman and Fox in press). Technological descriptions of 
Ksar Akil Levels XX-XVIII also suggest that a variant of the Ahmarian is present 
as far north as Lebanon (Ohnuma and Bergman 1990: 114). Given the very wide 
geographic distribution of Early Ahmarian assemblages, it is not surprising that a 
significant degree of variability exists among assemblages of this industry. 
Comparative Technology and Typology 
The most defining characteristic of Early Ahmarian assemblages is an 
abundance of blades and bladelets produced by soft-hammer or indirect 
percussion. The technology of the Early Ahmarian is focused on blade production 
from single-platform cores with little or no platform preparation. Platform edges 
typically show abrasion and are rejuvenated by means of the core tablet method. 
Compared to other known Early Ahmarian sites, the Tor Sadaf Early UP 
has a moderate frequency of blade and bladelet blanks (Table 6.5). The Tor Sadaf 
Early UP is also noticeable for a very low frequency of CTEs, and a low CTE:Core 
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Table 6.5. Frequencies of Debitage Classes from Tor Sadaf and Other Early 
Ahmarian Sites in the Southern Levant. 
Frequency as Percentage of Debitage Ratio 
Total Blades/ 
Regions/Sites Debitage Bladelets Flakes CTEs Cores CTE:Cores 
Wadi al-Basa 
EHLPP 1 2510 65.5 34.5 ? 1.2 ? 
Tor Sadaf EUP 6097 54.5 41.8 1.9 1.4 1.38 
South Jordan 
Tor Aeid <70cm' 3781 49.0 36.0 2.6 3.1 n/a 
Sinai 
QB60l2 9531 65.4 20.3 3.4 0.9 3.76 
QB92 8000 65.6 20.7 3.8 1.1 3.53 
Abu Noshra 1• 1084 69.0 26.8 2.2 1.0 2.18 
Abu Noshra 11• 2216 59.0 36.7 1.4 1.6 0.86 .. 
Negev 
Boker A• 4032 62.4 21.8 3.4 2.4 0.92 
1Data from Williams 1997:Tables 3.7 and 3.8. 2Data from Gilead and BarYosef 1993:Table 1. 
"Data from Phillips 1988:Table 1. 4Data from Jones et al. 1983:Table 9-3. 
ratio. Although the lack of CTEs could be related to raw material abundance at 
Tor Sadaf, it seems equally likely that the difference is related to variation in core 
reduction and preparation. Unfortunately, without detailed descriptive data on 
CTEs from other assemblages, this issue is impossible to resolve at this stage. 
Metrically, the blades (blades >12mm in width) from Tor SadafEarly UP 
are among the longest, narrowest and thinnest described for Early Ahmarian 
assemblages (Table 6.6). In contrast, the bladelet sample (blades <12mm in 
width) from Tor Sadaf appears relatively short and narrow in comparison to 
assemblages from the Negev and Sinai. It should be noted however, that even in 
a large sample, such as. that from Tor Sadaf, considerable variability exists 
(represented by relatively large standard deviations) and prevents ruling out the 
possibility that differences in mean metric dimensions from all four sites in Table 
6.6 are due to sampling error. 
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Table 6~6. Metric Attributes of Blades and Bladelets from Tor Sadaf and Other 
Early Ahmarian Sites in the Southern Levant. 
Sites Length Width Thickness 
BLADES n mean sd n mean sd n mean sd 
Tor Sadaf EUP 181 58.3 14.5 244 17.3 5.1 244 3.6 1.0 
AbuNoshra I1 13 50.1 13.4 26 16.8 3.4 26 4.8 1.9 
Abu Noshra Il1 40 5-4.3 12.4 62 17.3 3.9 62 4.8 2.0 
BokerA1 53 58.1 19.9 72 19.5 6.1 72 6.0 3.3 
BLADELETS 
Tor Sadaf EUP 253 37.5 10.9 470 8.2 2.0 470 2.6 0.9 
AbuNoshra I1 23 40.1 9.1 49 8.8 2.4 49 2.6 1.1 
Abu Noshra Il1 40 46.6 11.9 65 10.1 1.6 49 3.2 1.2 
BokerA1 32 36.3 13.5 73 9.3 1.9 73 2.7 1.6 
lData from Coinman 1990:Table D.7. 
A major problem with technological comparisons of lithic assemblages 
between such widely dispersed sites concerns raw material issues. It is difficult 
to know to what degree metric variability is a reflection of raw material 
constraints, mobility of raw material or intentional products of the reduction 
process. Although the data from the Tor SadafTransitional periods and Boker 
Tachtit (Table 6.3) suggest that raw material differences between the Negev and 
Wadi al-Hasa do not alter the metric similarity of artifacts, it is possible that the 
shift to bladelet production during the Early Ahmarian would generate an 
assemblage more sensitive to raw material variability. For example, the general 
paucity of CTEs may be function of the presence of relatively narrow, flat flint 
nodules near the site, which less frequently require a knapper to crest the face of 
the core prior to removing blades and bladelets (Coinman 1997b). 
Typologically, Early Ahmarian assemblages also show marked variability 
(Table 6.7). The general paucity of typical endscrapers and burins is considered a 
hallmark of the Early Ahmarian (Gilead 1981, 1991; Marks 1981b). However, 
there is a wide range of frequencies of these artifacts, presumably related to site 
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Table 6.7. Tool Frequencies from Tor Sadaf and Other Early Ahmarian Sites in 
the Southern Levant. 
Region/Sites Total Endscrapers % Burins % Retouch Blade Points% 
Tools & Bladelets % 
Wadi al-Basa 
EHLPP 1 72 8.3 4.2 11.1 72.2 
Tor Sadaf EUP 336 13.4 2.7 24.7 44.6 
South Jordan 
Tor Aeid <70cm 1 394 14.2 9.9 28.4 9.1 
Sinai 
QB601 A2 ·819 4.1 5.1 b78.7 
QB601 B2 4.3 10.9 b56.l 
QB9A2 •718 2.3 3.7 b63.3 
QB9B2 4.0 3.5 b65.4 
QB9C2 5.8 8.7 b51.9 
Abu Noshra I" 104 0.0 16.4 c78.9 
Abu Noshra II" 322 7.7 10.3 c64.6 
Negev 
Boker A4 405 2.7 16.3 36.8 31.6 
1Data from Williams 1997:Tables 3.6 and 5.4. 2Data from Gilead and BarYosef 1993:Table 1. 3Data 
from Phillips 1988:Table 1 and Coinman 1990:Table 7.1. 
4Data from Jones et al. 1983:Table 9-3. 
"Tool totals from QB601 A and B, and QB 9 A, B and C represent site totals as reported in Gilead 
and Bar Yosef 1993:Table 2. 
bRetouched Blades/Bladelets percentages from Qadesh Barnea sites include points as these were 
not treated as discrete categories in Gilead and Bar Yosef 1993:Table 2. 
cRetouched blades/bladelets percentages from Abu Noshra sites include points as these were not 
treated as discrete categories in Phillips 1988:Table 1. 
function. The Tor Sadaf and Tor Aeid assemblages share a relatively high 
frequency of endscrapers. But Tor Sadaf is marked by an especially low 
frequency ofburins and a high frequency of retouched points (el-Wad points) and 
bladelets. The frequency of retouched blades and bladelets from sites in the Sinai 
include points, thus their overall frequencies are not unlike those found at Tor 
SadafEarly UP and Boker A. Williams (1997a) has demonstrated that el-Wad 
points were used as projectiles. Assuming these points served the same function 
at Tor Sadaf, we can infer that projectile point production was a more important 
goal of lithic reduction at Tor Sadaf than at Tor Aeid. This also suggests that 
there may be some continuity in site function between the Tor SadafTransitional 
periods and the Early UP. All occupation periods at Tor Sadaf are dominated by 
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points, Levallois and Levallois-like during the Transitional A and B, and el-Wad 
points during the Early UP. 
The metric attributes of el-Wad points from Tor Sadaf have been compared 
with data from EHLPP 1, sites in southern Jordan and the central Negev (Table 
6.8). Although some sample sizes are quite small, it can be seen that mean point 
length at all sites clusters in the area of ca. 40mm, with the exception of Boker A 
and Tor Hamar. El-Wad points from Boker A and Tor Hamar appear quite similar 
in length. The Tor Sadaf el-Wad points have the narrowest and thinnest mean 
dimensions of all the sites for which data are available. Independent samples t-
tests indicate that mean width and thickness of el-Wad points from Tor Sadaf are 
significantly smaller than those from EHLPP 1, the only other documented Early 
UP site in the Wadi al-Hasa. Although t-tests do not indicate significant 
differences in mean el-Wad point length at Tor Sadaf and EHLPP 1, this may be 
due to the extremely small sample of complete points from the latter. For 
complete data from the el-Wad point metric t-tests, see Appendix B. 
Summary 
Technologically and typologically, the Tor Sadaf Early UP assemblage is 
another clear example of the Early Ahmarian industry found throughout the 
Levant. Although no dates are available from the Tor Sadaf Early UP, the 
assemblage's stratigraphic relationship with the underlying Transitional 
assemblages suggests that it represents the initial Early Ahmarian. Based on 
dates and sequences found elsewhere in the Levant, this initial phase is probably 
at least as old as Boker A (ca. 38 KYA), and perhaps even slightly older. 
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Table 6.8. Metric Dimensions of el-Wad Points from Early Ahmarian Sites in the 
Southern Levant. 
Sites 
Wadi al-Hasa 
Tor Sadaf EUP 
EHLPP 1• 
South Jordanb 
TorAeid 
Tor Hamar 
Jebel Humeima 
Negevc 
n 
20 
3 
6 
9 
12 
Length (mm) 
mean sd n 
*43.4 10.0 152 
*42.1 14.3 52 
37.6 9.9 33 
52.1 8.9 14 
41.6 6.7 39 
Width (mm) Thickness (mm) 
mean sd n mean sd 
**7.0 1.5 152 **2.2 0.5 
**8.8 2.4 52 **2.8 0.8 
10.2 1.7 33 3.0 0.8 
11.3 2.0 14 3.5 0.9 
9.3 1.7 39 2.8 0.6 
Boker A ? 53.0 9.0 ? 9.0 1.5 ? 4.0 1.0 
*Differences in mean length of el-Wad points from Tor Sadaf EHLPPl are not statistically significant 
(see Appendix B for complete output). 
**Mean width and thickness of el-Wad points from Tor Sadaf and EHLPP 1 are statistically different 
at a .05 significance level (see Appendix B for complete output) . 
. • Data from Coinman 1999. 
b Data from Williams 1997:Table 5.2 and Appendices 8-10. 
c Data estimated from Jones et al. 1983:Figure 9-5. 
The frequency of blades and bladelets from the Tor Sadaf Early UP 
assemblage is moderate to low compared to other Early Ahmarian sites for which 
data are available. However, most of these sites probably date to a somewhat 
later period (e.g. 30-34 KYA in the Sinai). Despite the lower frequency of blades 
and bladelets in the debitage sample, the tools from Tor Sadaf are noticeable in 
that they are almost entirely made up of retouched blades, bladelets and 
elongated points (el-Wad points). Only EHLPP 1, also a Hasa site, has a higher 
frequency of points among the retouched tools. 
CONCLUSIONS 
This chapter has sought to place the assemblages of Tor Sadafinto the 
larger technological and typological context of the Levantine Paleolithic. The data 
presented here show that the Tor Sadaf assemblages are related to other known 
Levantine assemblages, although there are important differences illustrated at Tor 
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Sadaf as well. Based on these analyses, a few general conclusions can be 
suggested. 
It seems clear that the Tor Sadaf Transitional B assemblage is related to 
both Ksar Aki1 Levels XXIII-XXI and Boker Tachtit Level 4. All three transitional 
assemblages are dominated by a single-platform reduction strategy, focused on 
the production of elongated points and blades. The platforms of these cores are 
typically unprepared, or show what Marks has called "ad hoc" faceting (Marks 
1983b:84). The core tablet technique is used for the rejuvenation of platforms, as 
evidenced at both Tor SadafTransitional Band Boker Tachtit Level 4. However, 
lames a crete are unknown in the Tor SadafTransitional periods, and abundant 
at Boker Tachtit Level 4. This difference in blade core preparation may be related 
to cores being prepared off site at Tor Sadaf, or the nature of raw material at the 
site, which did not require the stage of cresting noted at Boker Tachtit. 
The more difficult assemblage to understand is the Tor Sadaf Transitional 
A. The Transitional A contrasts with the Transitional B and Boker Tachtit Level 4 
in that the core tablet method is absent, and the frequency of platform faceting on 
cores and debitage is much higher. However, the Transitional A has more in 
common with the Transitional B and Boker Tachtit Level 4 than it has with the 
lower levels at Boker Tachtit. The absence of bi-directional cores from the 
Transitional A indicates that it is not easily correlated with Boker Tachtit Levels 1 
or 2. So what does this earliest occupation at Tor Sadaf represent? In the 
absence of dates from the site, only technological attributes can serve as a guide. 
It seems that there are two possible interpretations for the Transitional A 
occupation period. First, it is possible that it represents a variant of the Middle to 
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---- -- ---up-perPaleolithic transitionthatis·not-ducumented at,·but is contemporary with, 
Boker Tachtit Levels 1-3. If this is the case, then the Transitional A could be 
related to Middle Paleolithic Levallois technologies that employ a unidirectional 
reduction strategy that is not associated with the core tablet method of 
rejuvenation. Such an assemblage has been documented at the cave site of 
Kebara (Meignen 1995) and in the central Negev (Marks and Monigal 1995). The 
reduction strategy at these Middle Paleolithic sites involves the use of large 
overshot blades and eclats debortantes, which create cores that are pyramidal in 
shape with convex lateral margins of the flaking surface (Meignen 1995). The 
pyramidal shape and convex margins of the flaking surface provide a means of 
generating Levallois points from a single-platform core. The Tor Sadaf 
Transitional A has an abundance of these overshot blades, with no evidence for 
the use of a core tablet technique. This interpretation implies that the 
Transitional levels at Tor Sadaf are not descended from the same bi-directional 
Levallois technology documented at Boker Tachtit Levels 1 and 2. 
A second possible interpretation, and the one favored here, is that the 
Transitional A represents an early variation of the same reduction strategy seen 
in the Transitional B and Boker Tachtit Level 4 assemblages. According to this 
interpretation, the differences seen in the Transitional A assemblage are simply 
the result of an on-going development of the transitional industries that make up 
the sequence at Tor Sadaf, Boker Tachtit and Ksar Akil. This development is 
most clearly visible at Tor Sadaf, probably because of the continuous occupation 
sequence at the site, in contrast to the relatively discrete occupation "floors" at 
Boker Tachtit. According to this interpretation, the true technological "ancestor" 
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of the Tor SadafTransitional occupations remains unknown. The progenitor 
could be the bi-directional Levallois documented at Boker Tachtit or the 
unidirectional Levallois documented at Late Levantine Mousterian sites (Meignen 
1995, Marks and Monigal 1995, Hovers 199~). 
The Tor Sadaf Transitional assemblages also hold implications for the use 
of Emireh points as fossiles directeur of the transitional or Emiran industry. 
Since no Emireh points were recovered from the site, the status of the Emireh 
point should be questioned. A single Emireh point was recovered from the 
transitional levels at K.sar Akil. Thus, the only well documented transitional 
assemblages that are associated with significant numbers of Emireh points come 
from Boker Tachtit Levels 1-2. The exact implications to be drawn from this 
study depend upon which of the scenarios described above is used to explain the 
Tor Sadaf Transitional assemblages. 
If the Tor Sadaf Transitional assemblages are viewed as representing a full 
sequence of the transitional industry from a Late Levan tine Mousterian to Early 
UP technology, then the lack of Emireh points at the site implies that these tools 
are not a reliable fossil directeur. However, the interpretation favored here is that 
the Tor Sadaf Transitional assemblages represent a technology roughly 
contemporaneous with Boker Tachtit Level 4, suggesting that only the later 
segment of the transition is preserved at Tor Sadaf. In this case, the Emireh 
point might remain a useful type-fossil indicative of the early phase of the 
transitional industry. Only test excavations at more sites or radiometric dating of 
the Tor Sadaf occupations are likely to resolve this issue decisively. 
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The Early Upper Paleolithic at Tor Sadaf is represented by the appearance 
of a number of classic hallmarks of the Upper Paleolithic. These attributes 
include a true blade technology, an abundance of single-platform pyramidal cores 
with platform edges regularized by abrasion, the predominance of soft-hammer 
and punch-blade techniques, and a tool kit dominated by small retouched blades, 
bladelets and points. Given the fact that the Tor Sadaf Early UP is probably 
among the oldest Early Ahmarian sites known, it is not surprising that the 
assemblage differs from other Early Ahmarian sites in debitage and tool 
frequencies. The most striking and important feature of the Early UP Early 
Ahmarian assemblage from Tor Sadaf is its direct stratigraphic relationship with 
the Transitional industries. The continuity of the Transitional and Early 
Ahmarian industries at Tor Sadaf make it the only site of its kind in all of the 
southern Levant. Only Ksar Akil in the north has shown such a sequence in the 
past. 
The sequence of occupations at Tor Sadaf supports the general model for 
the Transition from the Middle to Upper Paleolithic transition as outlined by 
Marks using data from the central Negev and Lebanon (Marks 1983b). However, 
the continuous sequence of technological development at Tor Sadaf allows for a 
much more fme-grained understanding of the transition, and has important 
implications for our understanding of this key time period in Levantine 
prehistory. The full implications of this study are discussed in the final chapter. 
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CHAPTER VII 
·suMMARY AND IMPLICATIONS 
INTRODUCTION 
The preceding chapters have provided an abundance of descriptive data 
and analysis on the Tor Sadaf lithic materials and a number of other 
contemporaneous sites. Through technological analyses, it has been possible to 
infer core reduction strategies, tool blank selection, and tool production at the 
site. Comparative analyses with other Levantine sites have made it possible, at 
least hypothetically, to place Tor Sadaf into the larger chronology of the Levant. 
This chapter to summarizes the results of this study and incorporates them into 
the larger cultural/historical context of the Levantine Middle and Upper 
Paleolithic. Implications of these analyses are also explored in the context of the 
evolution/revolution dichotomy. Suggestions for how we identify and classify 
transitional and Early Upper Paleolithic assemblages are made, and some 
tentative goals for future research are also identified. 
TECHNOWGICAL CHANGE AT TOR 8,ADAF 
Intra-site analyses of the lithic materials from Tor Sadaf have shown that 
important technological changes occurred over time at the site. The technological 
changes at the site bear all the characteristics of the Middle to Upper Paleolithic 
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transition. The overall change is from a Levallois-like technology, focused on the 
production of large blades and elongated Levallois points to a technology 
characterized by abundant small blades and bladelets, produced by means of 
soft-hammer percussion and punch technique. Many of the small blades and 
bladelets were retouched to form points, emphasizing the importance of 
understanding projectile technology as a driving factor in the technological 
transition at the site. 
The earliest occupation at the site (Transitional A) is dominated by a single-
platform technology in which blades and elongated Levallois points were produced 
in abundance primarily by means of hard-hammer flaking mode. Platforms on a 
large proportion of cores, debitage and points are either dihedral or multi-faceted. 
The faceting observed on these pieces ranges from relatively formal faceting, 
which gives some points a classic chapeau de gendarme, to more informal ad hoc 
faceting typical of that observed by Marks at Boker Tachtit (Marks 1983b). 
During the Transitional A, cores shape was maintained by removal of overpassed 
(overshot or plunging sensu Marks and Monigal 1995) blades that give cores a 
pyramidal shape and convex flaking surface. The convex, triangular shape of the 
flaking surface was important for the efficient production of elongated Levallois 
points. Although many of the technological attributes of the Transitional A 
materials appear Middle Paleolithic in character; the tool assemblage contains an 
abundance of tool forms typical of both the Middle (Levallois points) and Upper 
(endscrapers and retouched blades) Paleolithic. 
The Transitional B assemblage represents a minor, but important 
technological shift that occurred at the site. Core reduction strategies during this 
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occupation continue to be dominated by single-platform techniques, but with a 
few important innovations. The first evidence of the use of the core tablet 
technique appears, where the entire surface of the striking platform of a core is 
removed as a means of rejuvenating and maintaining platform angle. The 
appearance of the core tablet technique coincides with a decrease in core platform 
faceting, suggesting that new methods of platform maintenance and rejuvenation 
were employed increasingly over time. Overpassed blades continue to play an 
important role in preparing and shaping cores for the production of elongated 
Levallois points, which make up the majority of the toolkit. The shift in core 
reduction strategy apparent in the Transitional B is only detectable through fine-
grained core and blade platform studies. Metrically and typologically, there is no 
difference between the blades and points generated during the Transitional A and 
B periods. 
The Early UP occupation period at Tor Sadaf is characterized by a blade 
and bladelet assemblage clearly classifiable as Early Ahmarian. This assemblage 
appears to emerge directly from the Transitional B technology. Single-platform 
cores continued to dominate the assemblage, and true lames a crete appear for 
the first time, although they are not abundant. The general paucity of lames a 
crete in the Tor Sadaf Early UP assemblage may be function of local raw material, 
which often comes in the form of laminar nodule that do not require cresting prior 
to initiation ofblade/bladelet removals, though this hypothesis remains to be 
tested. 
After initial shaping and preparation of single-platform cores, blades and 
bladelets were removed by means of soft-hammer and most often punch-
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technique, as evidenced by platform and bulb characteristics on the 
blade/bladelet debitage. Core platform edges and blade/bladelet platforms 
typically show abrasion as a means of regularization for placement of a punch. 
The core edge angle was maintained by means of frequent use of the core tablet 
method, as evidenced by the abundance of core tablets from the Early UP 
assemblage. Overpassed pieces become rare during this period. The lack of 
overpassed blades probably relates to the fact that maintenance of core shape 
had become less important with the shift to a small blade and bladelet oriented 
technology. Removal of small blades and bladelets would not significantly alter 
the pyramidal shape of cores, as these pieces are extremely narrow and thin. 
Furthermore, small blades and bladelets were often retouched into points, 
reducing the need to produce blanks that were already pointed as was seen 
during the Transitional A and B periods. 
TOR SADAF IN THE CONTEXT OF THE LEVANTINE PALEOLITHIC 
Based on the technological characteristics of the Tor Sadaf lithic materials, 
it has been possible to hypothesize a chronological placement of the site within 
the larger Levant. The Transitional A and B periods are technologically and 
typologically similar to the assemblages described from Boker Tachtit Level 4 and 
Ksar Akil Levels XXIII-XXI. Marks and Ferring (1988) have classified those 
assemblages as "Initial Upper Paleolithic," on the basis of what they describe as a 
"non-Levallois" technology. Given that three radiocarbon assays from Boker 
Tachtit Level 1 yielded dates of ca. 46-47 KYA (Marks 1983b:66-67), we may 
accept Marks' inference that that Level 4 probably dates to some time around 40 
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KYA (Marks 1983b:67). Thus it seems likely that this can serve as an 
approximate date for both Ksar Aki1 Levels XXIII-XXI and the Tor Sadaf 
Transitional occupations. This suggestion is also corroborated by a date of ca. 44 
KYA for the terminal Levantine Mousterian at Ksar Akil (Level XXVI)(Copeland 
1975; Marks 1983b:59-60). 
The chronological correlation of these three sites is somewhat crude, 
especially since each level at Boker Tachtit represents a relatively discrete 
occupation "surface" with only a few centimeters of deposits, while Ksar Akil 
Levels XXIII-XXI represent over one meter of cultural deposits, and the Tor Sadaf 
Transitional levels combined represent approximately 30-40 cm. of deposits 
(depending on which unit is being observed). In addition, it can hardly be 
assumed that technological changes that occurred with the Middle to Upper 
Paleolithic transition and Early Upper Paleolithic took place at exactly the same 
time and rate across an area as large and geographically variable as the Levant. 
Nonetheless, the three sites combined suggest that a Pan-Levantine transitional 
industry was present somewhere in the range of ca. 38-42 KYA. 
The emergence of a true Upper Paleolithic blade technology is evidenced at 
Ksar Akil Levels XX-XVIII, Boker Area A, and the Tor Sadaf Early UP levels. 
These sites' status as representing the earliest variant of the Levantine Upper 
Paleolithic stem from a date of ca. 38 KY A at Boker A, .and the fact that these 
Early UP assemblages overlie transitional materials at Ksar Aki1 and Tor Sadaf. 
There is some evidence to suggest similar very early Ahmarian occupations at a 
number of other sites. Based on the limited data currently available, it is possible 
that the recently discovered site of EHLPPl in the Wadi al-Hasa also dates to the 
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very earliest part of the Upper Paleolithic. In terms of blade/bladelet and point 
frequencies, the site appears much more similar to the Tor Sadaf assemblage 
than to the later Ahmarian assemblages from Qadesh Barnea and Abu Noshra 
(Chapter Six). More detailed analysis of the lithic materials from EHLPPl would 
be of immense value, as they might reveal some of the local variability in the 
emergence of the Early Upper Paleolithic in the Wadi al-Hasa. 
The earliest dates from Ahmarian assemblages in the Sinai cluster at ca. 
36-34 KYA (Gladfelter 1997:Table 1), and Bar-Yosef et al. (1996) have suggested 
an Ahmarian occupation at Kebara from as early as 39 KYA. Three sites in the 
Wadi Qalka area of southern Jordan may also represent the very earliest 
Ahmarian industry. Excavation at the sites of Wadi Aghar, Tor Aeid and Tor 
Hamar have all produced very blade-oriented Early Upper Paleolithic 
assemblages, and even some deeply stratified material that appears Levantine 
Mousterian in nature (Coinman and Henry 1995, Williams 1997b, Kerry 1997). 
The site of Wadi Aghar has even been proposed as possibly representing a Middle 
to Upper Paleolithic transitional assemblage, but research remains quite 
preliminary at this point, and no radiometric dates are available. However, the 
technological attributes of the Wadi Qalka Early Ahmarian assemblages and the 
fact that they overlie Middle Paleolithic horizons suggest that these assemblages 
probably do date to the very early Upper Paleolithic (perhaps as early as 37 KYA). 
These Early Upper Paleolithic manifestations are classified as Early 
Ahmarian, an industry characterized by a true blade technology, in which blades 
and bladelets were produced in abundance using soft-hammer and indirect 
percussion from single-platform cores. Although only Boker A has produced a 
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radiocarbon date for this earliest manifestation of the Ahmarian (ca. 38 KYA), the 
date correlates nicely with the technological attributes of the assemblages and 
dates derived from the Ksar Akil Late Levantine Mousterian and Boker Tachtit 
transitional assemblages. Thus, we can say with some confidence that these 
Early Ahmarian assemblages date to ca. 38-40 KYA. 
The evidence described in the previous chapters and the discussion 
presented here now permit a tentative chronological relationship between the 
transitional (or Emiran) industry and the earliest Upper Paleolithic industry (the 
Early Ahmarian (Table 7. 1). This chronology suggests that the transition and the 
emergence of the Upper Paleolithic represent a pan-Levantine phenomenon, 
which occurred at some time in the range of 38-40 KYA. 
DISCUSSION 
Bar-Yosef ( 1999) has suggested that the Middle to Upper Paleolithic 
transition can be modeled after the so-called Neolithic Revolution. Revolutions 
are seen as originating in a "core area," where an important cultural and/or 
technological shift occurs. When such localized shifts have an augmenting 
(adaptive) effect on group fertility or survivability, Bar-Yosef argues such groups 
would tend to expand rapidly via "colonists," either replacing or acculturating 
other human groups as they dispersed. Thus, in the pursuit of an understanding 
of the Middle to Upper Paleolithic transition, a primary objective for proponents of 
a revolution model involves identifying a core place and time in which the 
revolution started. Bar-Yosef suggests East Africa as the core zone, based on the 
Table 7.L Proposed Chronology of the Levantine Middle to Upper Paleolithic Transition Based on Technological 
and Typological Criteria. 
Tor Sadaf EHLPP 1 
EUPLevels 
Early UP 
Early Ahmarian 
Blade/bladelet 
technology, single 
platform reduction 
strategy, punch and 
soft-hammer 
techniques dominate, 
abraded platforms and 
core tablet technigue 
Transitional B & A 
Transitional 
Pseudo-Levallois 
technology focusing 
on elongated blades 
and points, changes 
from a single platform 
with multiple facets to 
one with unfaceted 
platforms, hard-
hammer technique on 
unabraded platforms, 
core tablet technique 
Base of Excavations 
All Levels 
Early UP 
Early Ahmarian 
Blade/bladelet 
technology, single 
platform reduction 
strategy, punch and soft-
hammer techniques 
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platforms and core tablet 
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Base of Excavations 
Ksar Aki! 
XVI-XX 
Early UP 
Early Ahmarian 
Blade/bladelet 
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technigue 
XXI-XXIII 
Transitional 
Pseudo-Levallois 
technology focusing on 
elongated blades and 
points, multifaceted single 
platform cores, hard-
hammer technique on 
unabraded platforms 
Stratigraphic Break 
Levantine Mousterian 
XXIV-XXV 
Boker Tachtit 
Modem Surfaces 
Level 4 & 3 
Transitional 
Pseudo-Levallois 
technology focusing on 
elongated blades and 
points, multifaceted 
single platform cores, 
hard-hammer technique 
on unabraided platforms, 
core tablet technique 
appears in Level 4 
Levels 2 and I 
Transitional Bidirectional 
Levallois technology 
focused on blades and 
points, multi-faceted 
double-platform cores, 
hard-hammer techique, 
no core tablet technique. 
Single-platform strategy 
appears in Level 2. 
Base of Excavations 
Area A 
Early UP 
Boker 
Early Ahmarian 
Blade/bladelet 
technology, single 
platform reduction 
strategy, punch and soft-
hammer techniques 
dominate, abraded 
platforms and core tablet 
technigue 
Base of Excavations 
Tor Aeid 
0-60 cm 
Early UP 
Early Ahmarian 
Blade/bladelet 
technology, single 
platform reduction 
strategy, punch and soft-
hammer techniques 
dominate, abraded 
platforms and core tablet 
technigue 
Unknown - Stratigraphic/ 
Technological Break? 
Levantine Mousterian 
60-130 cm. 
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Kenyan site of Enkapune Ya Muto, which contains an Early Upper Paleolithic 
assemblage dated to ca. 50 KYA, though this date is not firmly established (Bar-
Yosef 1999:153-155; Ambrose 1998). In order to accommodate this argument, 
Bar-Yosef and his colleagues have suggested that the transitional sites in the 
Levant (i.e. Boker Tachtit Levels 1-4 and Ksar Akil Levels XXIII~XXI) be 
reclassified as Early Upper Paleolithic (Bar-Yosef 1999:154; Bar-Yosef et al. 1996; 
Hovers 1998:143). This revision requires moving the Middle to Upper Paleolithic 
boundary by as much 10 thousand years. 
An alternative model for the Middle to Upper Paleolithic transition has been 
outlined by Hovers (1999). She suggests that the transition comes as a result of 
innovations (sensu Renfrew 1978) based on a set of "pre-adaptations" that were 
present among numerous groups across a wide geographic and temporal range. 
In terms of chipped-stone tools, the concept of pre-adaptation implies that groups 
had technical knowledge of certain methods of reduction strategy and tool 
manufacture that were not fully employed or expressed at any given time. In the 
Middle to Upper Paleolithic transition, examples of such pre-adaptations abound, 
including blade technologies (which existed at least 150 KYA), single-platform 
core reduction strategies (which are documented at least as far back as 60 KYA 
among Tabun B assemblages), and the use of soft-hammer and indirect 
percussion (Hovers 1998: 158-159). 
The data outlined in this study show that evidence from the Levant 
supports the latter model far more strongly than the former. The "revolution" 
model suggested by Bar-Yosef requires that the transitional assemblages from the 
Levant be reclassified as simply Upper Paleolithic, and the result of a spreading 
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wave of acculturation originating in East Africa at ca. 50 KYA. Although the 
earliest transitional assemblage from Boker Tachtit (Level 1) does contain a 
substantial proportion of Upper Paleolithic tool types, the tool kit is dominated by 
true Levallois points produced by means of a bi-directional Levallois technique. 
To define such an assemblage as Upper Paleolithic seems arbitrary. The 
assertion that the Boker Tachtit Level 1 assemblage is completely "non-
Mousterian" appears to rest solely on an assumption of unilineal evolution during 
the Levantine Mousterian as defmed by the type-sequence at Tabun Cave. In 
such a scenario, the fact that the Boker Tachtit Level 1 assemblage does not show 
direct technological descendence from the Late Levantine Mousterian Tabun B is 
sufficient evidence to reject the assemblage as transitional. This assertion has 
been made despite challenges to the validity of defining Levantine Mousterian 
"phases" on the basis of the Tabun sequence (Hovers 1998:156-157 and 
references therein). 
Evidence from Tor Sadaf, Ksar Akil and Boker Tachtit all demonstrate that 
significant changes in technology can occur over time and do not require the 
invocation of mechanisms of replacement and acculturation. Moreover, as Hovers 
( 1998) has pointed out, the characteristics that are typically used to defme the 
earliest Upper Paleolithic (refined single-platform blade technology and 
proliferation soft-hammer and indirect percussion) need not represent true 
"inventions" but can more easily be explained as innovations (Renfrew 1978), 
which were shared between social or ethnic groups. The presence of pre-
adaptations among numerous dispersed communities in turn explains how 
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innovations leading to the emergence of the Early Upper Paleolithic could be 
rapidly adopted across a broad geographic range such as the entire Levant. 
Explaining the impetus behind the rapid adoption of innovations that mark 
the emergence of the Upper Paleolithic remains a serious difficulty. Marks and 
Freidel (1977) have suggested that the adoption of Upper Paleolithic technologies 
in the Levant came as a result of changes in climate, ecology and ultimately 
mobility. This model remains plausible, especially in the Wadi al-Hasa, a 
drainage that is geomorphically analogous to the Central Negev (Schuldenrein 
and Clark 1994, Schuldenrein 1998). Unfortunately, settlement pattern analysis 
of the Hasa Basin remains too fragmentary during this period for rigorous testing 
of this hypothesis. Tor Sadaf does, however, provide important clues to possible 
causes behind the transition. 
The evidence from Tor Sadaf reinforces an assertion made by Marks and 
Ferring ( 1988) regarding the importance of the evolution of points across the 
Middle to Upper Paleolithic transition. Tor Sadaf is the first site in the southern 
Levant where a transition from large Levallois points to smaller blade/bladelet 
points can be related to technological shifts. The abundance of points among 
both the transitional and Early UP assemblages from sites across the Levant 
emphasizes the importance of these tools as a major goal of lithic reduction. 
Although no functional analyses have been performed as part of this study, other 
researchers have found convincing evidence of the use of both Levallois and el-
Wad points as hafted armatures (Shea 1988, 1995; Williams 1997a). This in tum 
suggests that the technological shift that led to the emergence of the Early 
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Ahmarian relates to subsistence strategies, which are embedded in hunter-
gatherer mobility patterns. 
A change in subsistence across the Middle to Upper Paleolithic transition 
may be related to changes in target game animals or may be more directly a 
result of changes in non-lithic projectile technology. The Upper Paleolithic of 
Europe has already shown the earliest evidence of atlatl and bow and arrow use, 
and these technologies are thought to be related to the selective advantage of 
Upper Paleolithic technologies. Unfortunately, in the Levant, non-lithic evidence 
is extremely sparse, particularly from the Early Upper Paleolithic. However, the 
morphological characteristics of the earliest Levantine Upper Paleolithic point-
forms (el-Wad points) suggests that these points would in fact serve as effective 
arrow or dart points (Williams 1997a, Thomas 1978, Christenson 1986). The 
production of projectile points could serve as an explanation for the shift to soft-
hammer and especially punch-techniques, since these methods result in a more 
controlled, uniform end product. Small points also more easily carried, and thus 
the adoption of a blade /bladelet technology would have resulted in an increase in 
both reliability and maintainability (sensu Bleed 1986) of hunting weapons (Bar-
Yosef and Kuhn 1999). 
This study also offers the opportunity to clarify certain issues of 
systematics associated with the Middle to Upper Paleolithic transition. The 
question of what defines Middle, transitional and Upper Paleolithic relies heavily 
upon whether we acknowledge the existence of a local Levantine transition at all. 
Bar-Yosef ( 1999) has suggested that no such transition exists, and that the so-
called transitional assemblages of the Levant represent the Early Upper 
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Paleolithic as it diffused (by means of acculturation or replacement) into the 
Levant from Africa. For those who accept the notion of a Middle to Upper 
Paleolithic transition in the Levant, the issue is different. As Marks (1983b) has 
pointed out, once the notion of an evolutionary transition is accepted, the 
question of what represents Middle, transitional or Upper Paleolithic becomes 
somewhat arbitrary. 
Nonetheless, Marks and his colleagues (Marks 1983b, Marks and Ferrtng 
1988, Mark and Volkman 1983, Volkman 1983) have argued that a distinction 
between the Levantine Middle and Upper Paleolithic be based on core reduction 
strategies as evidenced at Boker Tachtit. They suggest that the Initial Upper 
Paleolithic be defmed on the basis of a non-Levallois blade technology seen at 
Boker Tachtit Level 4, although this technology did result in the production of 
numerous Levallois points (Marks and Ferrtng 1988). This distinction is certainly 
superior to a simple typological index, such as percentages of retouched tools, in 
that it is more sensitive to technological shifts that occurred with the Middle to 
Upper Paleolithic Transition. However, recent research has shown that defining 
Levallois vs. non-Levallois technology is more problematic than once thought, 
especially in the absence of core reconstructions. 
I would like to propose a new set of criteria for defining transitional and 
Upper Paleolithic assemblages based on the evidence presented thus far. This 
study and others (Marks and Kaufman 1983, Volkman 1983) have shown that 
technological and typological changes across the Middle to Upper Paleolithic 
transition do not occur hand in hand. Minimal typological change is seen in the 
Boker Tachtit assemblages despite marked technological shifts. Similarly, 
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technological shifts between the Tor Sadaf Transitional A and B result in 
typologically and metrically similar assemblages. However, with the emergence of 
the Early Ahmarian, there is an important shift in both technology and typology. 
Moreover, Early Ahmarian assemblages are easily distinguished from earlier 
assemblages in terms of blank morphology, metric attributes and tool 
frequencies. In fact, Early Ahmarian assemblages present such a marked 
contrast with the transitional levels at Boker Tachtit, Ksar Akil and Tor Sadaf that 
the transitional assemblages appear more closely related to the Levantine 
. Mousterian industries than the Early Upper Paleolithic industries of the Levant 
(Hovers 1998). 
Technologically and typologically, it is most sensible to redefme the 
transitional· industry of the Levant as comprising Boker Tachtit Levels 1-4, Tor 
SadafTransitional A and B, and Ksar Akil Levels XXIII-XXI. To call this 
transitional industry Emiran may not be warranted. The type-fossil once thought 
to represent the Levantine Middle to Upper Paleolithic transition is rare at Ksar 
Akil and completely absent at Boker Tachtit. Thus, to the extent that the Emireh 
point can accurately be used as a type-fossil, it is probably only useful in 
identifying the earliest manifestations of the transitional industry (as represented 
by Boker Tachtit Levels 1-2). 
The emergence of the Levantine Upper Paleolithic can then be defined as 
synonymous with the emergence of the Early Ahmarian. Early Ahmarian 
assemblages are in fact characterized by many of the features that have 
traditionally defined the Upper Paleolithic: an abundance of small blades and 
bladelets, a true blade technology where blades are produced using soft-hammer 
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and punch technology, and the abandonment of Levallois modes of point and 
flake production where pieces are removed from cores preformed to a specific 
morphology. Chronologically, these criteria would place the end of the Middle to 
Upper Paleolithic transition in the Levant at ca. 38 KYA, with the emergence of 
the Early Ahmarian (Table 7.1). 
CONCLUSIONS 
This study began with the objective of clarifying the nature of the Levantine 
Middle to Upper Paleolithic transition by means of the introduction of a new set of 
data and analyses from the rockshelter site of Tor Sadaf in the Wadi al-Hasa, 
west-central Jordan. Evidence from Tor Sadaf has supported the notion of an in 
situ transition from the Middle to Upper Paleolithic in the region. The transition 
appears to be well documented now in both the northern and southern Levant, 
suggesting that the transition is a pan-Levantine phenomenon and not a localized 
revolution (sensu Bar-Yosef 1999) that rapidly spread from a core area. Although 
the transitional assemblages from Tor Sadaf are remarkably similar to 
transitional assemblages recovered in the Central Negev and Lebanon, the 
material from Tor Sadaf has also shed light on the variability of the transition in 
terms of evolving core reduction strategies and tool production. 
It seems likely that the emergence of the Upper Paleolithic in the southern 
Levant is linked to the evolution of projectile technology and subsistence 
strategies. At sometime around the interval of 40-38 KYA, hunter-gatherer 
groups in both the Negev and Wadi al-Hasa areas adopted a new method of 
reducing stone and producing haftable points through the use of soft-hammer 
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and indirect percussion on single-platform blade cores. The changes in core 
reduction strategy and tool production are innovations that can be explained as 
the results of accumulated pre-adaptations (Hovers 1998) that were reorganized 
to suit changes in human ecology and subsistence strategies in the Levant. This 
change in hunter-gatherer ecology is in turn linked to shifts mobility patterns 
(Marks and Freidel 1977, Clark 1984), though more settlement pattern studies 
from this key time period are certainly needed. The shift in projectile technology 
apparent at sites such as Tor Sadaf, Boker Tachtit and Boker, and Ksar Akil is 
almost certainly related to changes in non-lithic technologies as well. 
Unfortunately, these technologies are poorly presenred in the marginal desert 
areas of the Levant, and thus poorly understood. 
Based on lithic technology and typology, it seems the most sensible place 
to draw a distinction between the transitional and Early Upper Paleolithic 
industries is with the emergence of the Early Ahmarian. The emergence of this 
industry is represented by a clear technological and typological shift lithic 
assemblages, and presents a clear and easily definable boundary at the site of Tor 
Sadaf. 
The conclusions of this study have been reached by means of detailed 
technological analyses. In order to fully clarify the nature of the Levantine Middle 
to Upper Paleolithic transition and Early Upper Paleolithic, more fine-grained 
studies of this sort are needed. In particular, metric and technological attributes 
can be used to more fully understand the core reduction strategies employed to 
produce an assemblage, as well as how that strategy relates to blank production 
and selection. Comparison of sites based solely on tool typology and blank 
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counts provides a useful glimpse of assemblage variability, but is not illuminating 
in terms of determining how core reduction strategies are related to blank 
production and selection. 
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APPENDIX A 
SUPPLEMENT TO .CHAPTER IV 
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A.I. Lithic Inventory from Tor Sadaf by Artifact Type and Excavation Unit. 
Excavation Units 
DEBITAGE Kl K2 L2 K3 L3 K4 K5 L5 Total 
Cores 15 25 23 42 46 17 15 13 196 
Core Rejuvenation 6 21 20 50 26 23 18 14 178 
Flakes 304 972 740 1132 1403 406 527 174 5658 
Blades 107 195 259 433 423 135 70 93 1715 
Bladelets 228 373 312 638 488 359 432 252 3082 
Trimming Flakes 552 944 1533 2051 1464 935 343 432 8254 
Burin Spalls 3 1 9 12 10 2 4 0 41 
Total Debitage 1215 2531 2896 4358 3860 1877 1409 978 19124 
Primary Elements 60 96 169 277 230 138 21 66 1057 
DEBRIS 274 784 792 1195 1132 514 249 367 5307 
TOOLS 
Scrapers 7 22 13 21 23 2 7 3 98 
Burins 1 2 0 8 2 2 1 0 16 
Thick Burins 0 0 3 2 1 0 0 1 7 
Notch/Denticulates 3 2 1 10 2 2 3 0 23 
Truncations 1 0 0 0 0 0 1 2 
Multi-Tool 1 1 1 1 0 0 0 0 4 
Retouched Flake 1 5 1 7 5 2 0 0 21 
Retouched Blade 4 15 5 19 10 4 4 1 62 
Retouched Bladelet 1 6 11 29 3 6 16 4 76 
Blade Point 8 20 23 48 27 1 3 0 130 
Flake Point 1 9 2 5 1 2 0 0 20 
el-Wad Point 12 17 17 25 31 19 24 8 153 
Varia 2 7 2 10 4 3 7 4 39 
Total Tools 41 107 79 185 109 43 65 22 651 
TOTAL 1530 3422 3767 5738 5101 2434 1723 1367 25082 
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A.2. Key to Core Attributes Analysis. 
A. Provenience 
Case#: 
Unit Code: 
Unit Coordinates: 
Level: 
Specimen#: 
Artifact#: 
B. Raw Material 
Form: 
Fracture Quality: 
Heat Treated: 
Patination: 
Cortex: 
Sequential Artifact Number 
Kl,K2,K3,K4,K5,L2,L3,L5 
Excavation Grid Number 
Arbitrary Excavation Level 
Field Specimen Number 
Sequential Artifact Number within Specimen # 
Nodule, Cobble, Flake, Blade, Flat Nodule 
1 = Blocky/ Angular 
2 = Coarse 
3 = Grainy 
4 = Striated 
5 = Fine 
6 =Waxy 
O=No 
1 = Yes 
0 = Not Present 
1 = Patinated 
2 = Differential Patination 
0=0% 
1 = 1-25% 
2 = 26-50% 
3 = 51-75% 
4 = 76-100% 
C. Technological Attributes 
Type: 1 = Single Platform Blade 
2 = Single Platform Flake 
3 = Single Platform Mixed 
4 = Opposed Platform 
5 = Changed Orientation (90°) 
6 = Discoidal 
7 = Levallois 
8 = Amorphous 
Preparation: 0 = None 
1 = Indetermined 
2 = Back:trimming 
3 = Distal Trimming 
4 = Cresting 
5 = Lateral Trimming 
6 = Multiple Trimming 
Platform: 1 = Plain 
2 = Dihedral 
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3 = Polyhedral 
4 = Stepped 
5 = Lateral Flake Surface 
6 = Cortical/Patinated Flake Surface 
7 = Ventral Flake Surface 
8 = Chapeau de Gendarme 
Number of Platforms: 
Platform Angle: 
Platform Edge Prep /Damage: 
0 = None 
1 = Abrasion 
2 = Stepping 
3 == Hinging 
Metric Attributes: (see Figure A.1) 
Length (top to bottom) 
Width (side to side) 
Thickness (front to back) 
Platform Length (side to side) 
Platform Thickness (front to back) 
Scar Length (last piece removed) 
Scar Width (last piece removed) 
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A.3. Illustration of Core Metric Attributes. 
PLATFORM 
PLATFORM WJDTH 
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u 
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.0 
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I 
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_j 
w }f a:: 
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A.4. Key to Debitage Attrtbute Analysis. 
A. Provenience: 
Case#: 
Unit Code: 
Unit Coordinates: 
Level: 
Specimen#: 
Artifact#: 
B. Blank Form: 
1 = Flake 
2 = Blade 
3 = Flake Point 
4 = Blade Point 
C. Condition: 
1 = Complete 
2 = Proximal 
3 = Medial 
4 = Distal 
D. Platform Morphology: 
0 = Missing 
Sequential Artifact Number 
Kl, K2, K3, K4, K5, L2, L3, L5 
Excavation Grtd Number 
Arbitrary Excavation Level 
Field Specimen Number 
Sequential Artifact Number within Specimen # 
1 = Punctiform / Crushed 
2 = Unfaceted (simple) 
3 = Dihedral Faceted 
4 = Multi-Faceted (complex) 
E. Platform Edge Preparation: 
0 = None 
1 = Abrasion 
2 =Stepped/ Hinged 
3 = Converging Spalls 
4 = Retouch 
5 = Combination 
F. Curvature: 
0 = None 
1 = Slight 
2 = Pronounced 
G. Twisting: 
O = None 
1 = Left 
2 = Right 
H. Termination: 
0 =Unknown/ Missing 
1 = Step Fracture 
2 = Hinged 
3 = Feathered 
4 = Pointed 
5 = Overpassed 
I. Bulb: 
0 = Unknown / Missing 
1 = Diffuse 
2 = Pronounced 
J. Platform Lipping: 
0 = None 
1 = Platform Lipped 
K. Eraillure Scar: 
0 = None 
1 = Eraillure Present 
L. Dorsal Aretes: 
0 = None Observed 
1 = Parallel 
2 = Converging Distally 
3 = Diverging Distally 
4 = Radial 
5 = Other 
M. Dorsal Scar Directionality: 
0 = None Observed 
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1 = Unidirectional from Base 
2 = Unidirectional from Distal End 
3 = Bi-directional on Axis 
4 = Bi-directional Across Axis 
5 = Unidirectional Across Axis 
6 = Converging from Base 
7 = Diverging from Base 
8 = Radial 
9 = Converging from Distal 
10 = Diverging from Distal 
11 = Other 
N. Lateral Margins (Proximal to Distal): 
1 = Converging 
2 = Diverging 
3 = Parallel 
4 = Rounded / Ovoid 
5 = Irregular 
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0. Reduction Stage: (see Appendix A.5) 
1 = Primary Flake (>50% cortex) 
2 = Secondary Flake (<50% cortex) 
3 = Tertiary Flake (Plain) 
4 = Primary Blade 1 (1 or 2 ridges with 100% cortex on at least one) 
5 = Primary Blade 2 (Three or more ridges with 100% cortex on one) 
6 = Plain Blade 1 (Two ridges with no cortex) 
7 = Plain Blade 2 (Three ridges with no cortex) 
8 = Plain Blade 3 (More than three ridges with no cortex) 
P. Use Damage: 
0 = Present 
1 = Absent 
Q. Location of Use Damage: 
0 = No Use Damage 
1 = Right Proximal 
2 = Left Proximal 
3 = Right Medial 
4 = Left Medial 
5 = Right Distal 
6 = Left Distal 
7 = Multiple Edges 
R. Metric Attributes (see Figure A.3): 
Length (maximum from proximal to distal) 
Width (midpoint from lateral edges) 
Thickness (midpoint from dorsal to ventral) 
Platform Width (from lateral edges) 
Platform Thickness (from dorsal to proximal edges) 
A.5. Ke to Reduction Sta e 
Primary Blade 1 
Primary Blade 2 
Primary 
Flakes 
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for Debita e (after Coinman 1990:374. 
Plain made 2 
Secondary 
Flake 
Plain Blade 1 
.c:::'1 
Plain Blade 3 
Tertiary 
Flake 
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A.6. Illustration of Debitage Metric Attributes (after Coinman 1990:378). 
PLATFORM WIDTH 
PLATFORM THICKNESS 
THICKNESS· 
FLAKES 
PLATFORM WIDTH 
WIDTH 
::i:: 
I-
I!) z 
IJJ 
...J 
PLATFORM THICKNESS 
THICKNESS 
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B.l. ANOVA Test with Scheffe Post-Hoc for Significant Differences in Metric 
Attributes and Ratios of Blades and Bladelets by Occupation Period at Tor Sadaf. 
ANOVA OUTPUT 
Sum of df Mean Square F Sig. 
S uares 
LENGTH Between 26209.796 2 13104.898 43.347 .000 
Groups 
Within 228559.579 756 302.327 
Groups 
Total 254769.375 758 
WIDTH Between 12961.819 2 6480;910 152.817 .000 
Groups 
Within 32061.742 756 42.410 
Groups 
Total 45023.562 758 
THICK Between 2108.364 2 1054.182 160.577 .000 
Groups 
Within 4963.122 756 6.565 
Groups. 
To~ 7071.486 758 
L:WRAIIO Between 229.411 2 114.705 98.474 .000 
Groups 
Within 880.608 756 1.165 
Groups 
Total 1110.019 758 
W:THRATIO Between 24.919 2 12.460 15.435 .000 
Groups 
Within 610.251 756 .807 
Groups 
Total 635.170 758 
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SCHEFFE MULTIPLE COMPARISONS 
Mean Difference Std. Error Sig. 
(I-J) 
Dependent (I) Occupation (J) Occupation 
Variable Period Period 
LENG Early UP Trans B -11.7487 1.593 .000 
Trans A -12.0131 1.608 .000 
Trans B Early UP 11.7487 1.593 .. 000 
Trans A -.2644 1.932 .991 
Trans A Early UP 12.0131 1.608 .000 
Trans B .2644 1.932 .991 
WIDTH Early UP Trans B -8.3204 .597 .000 
Trans A -8.3898 .602 .000 
Trans B Early UP 8.3204 .597 .000 
Trans A -6.9466E-0:. .724 .995 
Trans A Early UP 8.3898 .602 .000 
Trans B 6.947E-02 .724 .995 
THICK Early UP Trans B -3.2752 .235 .000 
Trans A -3.4618 .237 .000 
Trans B Early UP 3.2752 .235 .000 
Trans A -.1866 .285 .807 
Trans A Early UP 3.4618 .237 .000 
Trans B .1866 .285 .807 
L:WRATIO Early UP Trans B 1.1120 .099 .000 
Trans A 1.1110 .100 .000 
Trans B Early UP -1.1120 .099 .000 
Trans A -9.0856E-04 .120 1.000 
Trans A Early UP -1.1110 .100 .000 
Trans B 9.086E-04. .120 1.000 
W:THRATIO Early UP Trans B .3432 .082 .000 
Trans A .3877 .083 .000 
Trans B Early UP -.3432 .082 .000 
Trans A 4.451E-02 .100 .905 
Trans A Early UP -.3877 .083 .000 
Trans B -4.4512E-0:. .100 .905 
* Toe mean difference is significant at the .05 level. 
SCHEFFE HOMOGENEOUS SUBSETS 
LENGTH 
Scheffe 
Occupation 
Period 
N Subset for 
alpha= .05 
1 
Early UP 435 46.1894 
2 
Trans B 164 57.9381 
Trans A 160 58.2025 
Sig. 1.000 .988 
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Means for groups in homogeneous subsets are displayed. 
a Uses Harmonic Mean Sample Size = 204.828. 
b The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
WIDTH 
Scheffe 
Occupation 
Period 
N Subset for 
alpha= .05 
1 
Early UP 435 12.2133 
2 
Trans B 164 20.5337 
Trans A 160 20.6031 
Sig. 1.000 .994 
Means for groups in homogeneous subsets are displayed. 
a Uses Harmonic Mean Sample Size= 204.828. 
b The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
THICKNESS 
Scheffe 
Occupation 
Period 
N Subset for 
alpha= .05 
1 
Early UP 435 3.8357 
2 
Trans B 164 7.1109 
Trans A 160 7.2975 
Sig. 1.000 .762 
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Means for groups in homogeneous subsets are displayed. 
a Uses Harmonic Mean Sample Size= 204.828. 
b The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
L:WRATIO 
Scheffe 
Occupation 
Period 
N Subset for 
alpha= .05 
1 
Trans B 164 2.9863 
Trans A 160 2.9872 
2 
Early UP 435 4.0983 
Sig. 1.000 1.000 
Means for groups in homogeneous subsets are displayed. 
a Uses Harmonic Mean Sample Size= 204.828. 
b The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
W:THRATIO 
Scheffe 
Occupation 
Period 
N Subset for 
alpha= .05 
1 
Trans A 160 2.9977 
Trans B 164 3.0422 
2 
Early UP 435 3.3854 
Sig. .882 1.000 
Means for groups in homogeneous subsets are displayed. 
a Uses Harmonic Mean Sample Size= 204.828. 
b The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I errorlevels are not guaranteed. 
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B2. ANOVA Test with Scheffe Post-Hoc for Significant Differences in Metric 
Attributes of Blade/Bladelet Platforms by.Occupation Period at Tor Sadaf. 
ANOVA OUTPUT 
Sum of S9.uares df Mean Sguare F Sig. 
PLATFORM Between Groups 24830.987 2 12415.494 436.312 .000 
WIDTH 
Within Groups 34573.511 1215 28.456 
Total 59404.499 1217 
PLATFORM Between Groups 4708.800 2 2354.400 396.240 .000 
THICKNESS 
Within Groups 7219.350 1215 5.942 
Total 11928.150 1217 
PLATFORM Between Groups 1937222.880 2 968611.440 308.378 .000 
.AREA 
Within Groups 3816299.411 1215 3140.987 
Total 5753522.291 1217 
SCHEFFE MULTIPLE COMPARISONS 
Mean Difference Std. Error Sig. 95% Confidence 
(I-J) Interval 
Dependent [I) (J) Lower Bound Upper Bound 
Variable Occupatio Occupation 
n Period Period 
PLATOFORM Early UP Trans B -8.2321 .375 .000 -9.1502 -7.3140 
WIDTH 
Trans A -10.1296 .408 .000 -11.1299 -9.1293 
Trans B Early UP 8.2321 .375 .000 7.3140 9.1502 
Trans A -1.8975 .476 .000 -3.0643 -.7307 
Trans A Early UP 10.1296 .408 .000 9.1293 11.1299 
TransB 1.8975 .476 .000 .7307 3.0643 
PLATFORM Early UP TransB -3.7121 .171 .000 -4.1317 -3.2926 
THICKNESS 
Trans A -4.2923 .187 .000 -4.7495 -3.8352 
Trans B Early UP 3.7121 .171 .000 3.2926 4.1317 
Trans A -.5802 .218 .029 -1.1134 -4.7019E-02 
Trans A Early UP 4.2923 .187 .000 3.8352 4.7495 
Trans B .5802 .218 .029 4.702E-02 1.1134 
PLATFORM Early UP TransB -73.6166 3.936 .000 -83.2622 -63.9710 
.AREA 
Trans A -88.6562 4.288 .000 -99.1660 -78.1464 
Trans B Early UP 73.6166 3.936 .000 63.9710 83.2622 
Trans A -15.0396 5.002 .011 -27.2983 -2.7809 
Trans A Early UP 88.6562 4.288 .000 78.1464 99.1660 
TransB 15.0396 5.002 .011 2.7809 27.2983 
* Tbe,mean difference is significant at the .05 level. 
SCHEFFE HOMOGENEOUS SUBSETS 
PLATFORM WIDTH 
Scheffe 
N Subset for 
alpha= 
.05 
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Occupation 1 2 3 
Period 
Early UP 709 3.6297 
TransB 284 11.8618 
Trans A 225 13. 7593 
Sig. 1.000 1.000 1.000 
Means for groups in homogeneous subsets are displayed. 
a Uses Harmonic Mean Sample Size= 319.966. 
b The group sizes are unequal. The harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
PLATFORM THICKNESS 
Scheffe 
N Subset for 
alpha= 
.05 
Occupation 1 2 3 
Period 
Early UP 709 1.5375 
Trans B 284 5.2496 
Trans A 225 5.8298 
Sig. 1.000 1.000 1.000 
Means for groups in homogeneous subsets are displayed. 
a Uses Harmonic Mean Sample Size= 319.966. 
b Toe group sizes are unequal. Toe harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
PLATFORM.AREA 
Scheffe 
N Subset for 
alpha= 
.05 
Occupation 1 2 3 
Period 
Early UP 709 9 .. 6445 
Trans B 284 83.2612 
Trans A 225 98.3007 
Sig. 1.000 1.000 1.000 
Means for groups in homogeneous subsets are displayed. 
a Uses Harmonic Mean Sample Size= 319.966. 
b Toe group sizes are unequal. Toe harmonic mean of the group sizes is used. 
Type I error levels are not guaranteed. 
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B3. Independent Samples t-Tests for Significant Differences in Metric Attributes 
of Levallois Points from Tor Sadaf Transitional A and B 
Id d tS I T t n epen en amp.es es 
Levene's Test t-test for Equality of 
for Equality of Means Mean Std. Error 95% Confidence 
Variances Difference Difference Interval of the 
F Sig. t df Sig. 12- Difference 
tailed) 
Lower Unner 
LENGTH Equal 1.450 .231 .414 100 .680 1.2432 3.0024 -4.7135 7.1999 
variances 
assumed 
Equru .417 99.991 .678 1.2432 2.9806 -4.6703 7.1567 
variances 
not 
assumed 
WIDTH Equal .554 .458 -.542 100 .589 -.6069 1.1192 -2.8274 1.6137 
• variances 
assumed 
Equal -.536 90.781 .592 -.6069 1.1328 -2.8571 1.6433 
variances 
no1 
assumed 
THICK- Equa .002 .962 .083 100 .934 3.850E-02 .4640 -.8820 .9590 
NESS variances 
assumed 
Equal .083 99.08: .934 3.850E-02 .4633 -.8809 .9579 
variances 
not 
assumed 
L:W Equal .013 .909 .344 100 .731 4.979E-02 .1447 -.2373 .3369 
RATIO variances 
assumed 
Equal .343 96.411 .733 4.979E-02 .1453 -.2387 .3382 
variances 
no1 
assumed 
W:TH Equa .080 .77E -.370 100 .712 -5.2636E-02 .1423 -.3350 .2297 
RATIO variances 
assumed 
EquaJ -.373 99.95, .710 -5.2636E-02 .1411 -.3326 .2274 
variances 
not 
assumed 
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C.l. Independent Samples t-Test for Differences in Mean Metric Attributes of el-
Wad Points from Tor Sadaf and EHLPP 1. 
I d n epen d t S en amp es es 1 T t 
Levene's Test t-test for 
for Equality of Equality of 
Variances Means 
F Sig. t df Sig. (2- Mean Std. Error 95% Confidence 
tailed) Difference Difference Interval of the 
Difference 
Lower Upper 
WIDTH Equa 23.716 .000 -6.201 202 .000 -1.7763 .2864 -2.3411 -1.2115 
variances 
assumed 
Equa -4.978 65.135 .000 -1.7763 .3569 -2.4889 -1.0636 
variances 
no1 
assumed 
THICK- Equa 7.807 .006 -5.689 202 .000 -.5743 .1009 -.7733 -.3752 
NESS variances 
assumed 
Equal -4.660 66.589 .000 -.5743 .1232 -.8203 -.3283 
variances 
not 
assumed 
W:TH Equal 5.725 .018 -.297 202 .767 -3.7915E-02 .1276 -.2895 .2137 
RATIO variances 
assumed 
Equal -.260 72.091 .796 -3.7915E-02 .1459 -.3287 .2529 
variances 
no1 
assumed 
173 
REFERENCES 
Ambrose, S.H. 
1998 Chronology of the Later Stone Age and Food Production in East Africa. 
Journal of Archaeological Science 25:377-392. 
Arensburg, B. and A. Belfer-Cohen 
1998 Sapiens and Neandertals: Rethinking the Levantine Middle Paleolithic 
Hominids. In Neandertals and Modem Humans in Western Asia, edited by 
T. Akazawa and 0. Bar-Yosef, pp. 311-322. New York: Plenum Press. 
Azoury, A. 
1986 Ksar Akil: A Technological and Typological Analysis of the Transitional and 
Early Upper Paleolithic Levels of Ksar Akil and Abu Halka, Vol. I: Levels 
XXV-XII. Oxford: British Archaeological Reports International Series 289. 
Bar-Yosef, 0. 
1970 The Epipaleolithic Cultures of Palestine. Unpublished Ph.D. Dissertation. 
Jerusalem: ·Hebrew University. 
1980 Prehistory of the Levant. Annual Review of Anthropology 9: 101-133. 
1989 Upper Pleistocene Cultural Stratigraphy in Southwest Asia. In The 
Emergence of Modem Humans: Biocultural Adaptations in the Later 
Pleistocene, edited by E. Trinkaus, pp. 154-180. Cambridge: Cambridge 
University Press. 
1994 The Contributions of Southwest Asia to the Study of the Origin of Modem 
Humans. In Origins of Anatomically Modern Humans, edited by M.H. 
Nitecki and D.V. Nitecki, pp. 23-66. New York: Plenum Press. 
1998 Chronology of the Middle Paleolithic of the Levant. In Neandertals and 
Modem Humans in WestemAsia, edited byT. Akazawa and 0. Bar-Yosef, 
pp. 39-56. New York: Plenum Press. 
1999 On the Nature of Transitions: The Middle to Upper Paleolithic and the 
Neolithic Revolution. Cambridge Archaeological Journal 8(2): 141-163. 
Bar-Yosef, 0., M. Arnold, N. Mercier, A. Belfer-Cohen, P. Goldberg, R. Housley, H. 
Laville, L. Meignen, J.C. Vogel and B. Vandermeersch 
1996 The Dating of the Upper Paleolithic Layers in Kebara Cave, Mt. Carmel. 
Journal of Archaeological Science 23:297-306. 
Bar-Yosef, 0. and A. Belfer-Cohen 
1977 The Lagaman Industry. In Prehistoric Investigations in Gebel Maghara, 
Northern Sinai, edited by 0. Bar-Yosef and J. Phillips, pp. 42-84. 
Jerusalem: Institute of Archaeology of Hebrew University. 
1988 The Early Upper Paleolithic in Levantine Caves. In The Early Upper 
Paleolithic, edited by J.F. Hoffecker and C.A. Wolf, pp. 23-41. Oxford: BAR 
International Series 437. 
174 
Bar-Yosef, 0. and S.L. Kuhn 
1999 The Big Deal about Blades: Laminar Technologies and Human Evolution. 
American Anthropologist 101 (2):322-338. 
Bar-Yosef, 0. and L. Meignen 
1992 Insights into Levantine Middle Paleolithic Cultural Variability. In The 
Middle Paleolithic: Adaptation, Behavior and Variability, edited by H.L. 
Dibble and P. Mellars, pp. 163-182. Philadelphia: The University 
Museum. 
Bar-Yosef, 0. and J. Phillips 
1977 (editors) Prehistoric Investigations in Gebel Maghara, Northern Sinai. 
Qedem, Monographs of the Institute of Archaeology No. 7. Jerusalem: 
Hebrew University. 
Bar-Yosef, 0. and B. Vandermeersch 
1972 The Stratigraphical and Cultural Problems of the Passage from the Middle 
to Upper Paleolithic in the Palestine Caves. In The Origins of Homo 
Sapiens, edited by F. Bordes, pp. 221-226. Paris: UNESCO. 
Baumler, M.F. 
1995 Principals and Properties of Core Reduction: Implications for Levallois 
Technology. In Definition and Interpretation of Levallois Technology, edited 
by H. Dibble and 0. Bar-Yosef, pp. 11-24. Madison: Prehistory Press. 
Begin, Z.B., W. Broeker, B. Buchbinder, Y. Druckman, A. Kaufman, M. Magaritz 
and D. Neev 
1985 Dead Sea and Lis an Lake Levels in the Last 30,000 Years, a Preliminary 
Report. Jerusalem: Geological Survey of Israel. 
Begin, Z.B., A. Ehrlich and Y. Nathan 
197 4 Lake Lisan, the Pleistocene Precursor of the Dead Sea. Bulletin of the 
Geological Survey of Israel 63. 
Belfer-Cohen, A. and P. Goldberg 
1982 An Upper Paleolithic Site in South Central Sinai. Israel Exploration 
Journal 32:185-189. 
Bergman, C.A. 
1981 Point Types in the Upper Paleolithic Sequence at Ksar Akil, Lebanon. In 
Prehistoire du Levant, edited by J. Cauvin and P. Sanlaville, pp. 319-330. 
Paris: Centre National de la Recherche Scientifique. 
1987 Ksar Akil, Lebanon: A Technological and Typological Analysis ofKsar Akil, 
Vol. II. Oxford: British Archaeological Reports International Series 329. 
1988 Ksar Akil and the Upper Paleolithic of the Levant. Paleorient 14(2):201-
210. 
175 
Bergman, C.A. and N. Goring-Morris 
1987 Conference: The Levantine Aurignacian with Special Reference to Ksar 
Akil, Lebanon, March 27-28, London. Paleorient 13(1):142-147. 
Bergman, C.A. and M.H. Newcomer 
1983 Flint Arrowhead Breakage: Examples from Ksar Akil, Lebanon. Journal of 
FieldArchaeology 10:238-243. 
Binford, L.R. 
1973 Interassemblage Variability: The Mousterian and the "Functional" 
Argument. In The Explanation of Culture Change: Models in Prehistory, 
edited by C. Renfrew, pp. 227-254. London: Duckworth. 
1980 Willow Smoke and Dogs' Tails: Hunter-Gatherer Settlement Systems and 
Archaeological Site Formation Processes. American Antiquity 45:4-20. 
1986 In Pursuit of the Future. In American Archaeology Past and Present, 
edited by D. Meltzer, D. Fowler and J. Sabloff, pp. 459-479. Washington: 
Smithsonian Institution Press. 
Binford, S.R. 
1968 Early Upper Pleistocene Adaptations in the Levant. American 
Anthropologist 70:707-717. 
Bleed, P. 
1986 The Optimal Design of Hunting Weapons. American Antiquity 51:737-747. 
Boeda, E. 
1988 Le Concept Levallois et Evaluation de son Champ d'Application. In 
L'homme de Neandertai, VoL 4 La Technique. Liege: ERAUL. 
1995 Levallois: A Volumetric Construction, Methods, a Technique. In Definition 
and Interpretation of LevaUois Technology, edited by H.L. Dibble and O. 
Bar-Yosef, pp. 41-68. 
Bordes, F. 
1961 Typologie du Paleolithique Ancien et Mayen. Memoire 1, Vol. 1-2. Institut 
de Prehistoire de l'Universite de Bordeaux. Demas, Paris. 
Bottema, S. and W. Van Zeist 
1981 Palynological Evidence for the Climatic History of the Near East 50,000-
6,000. In Prehistoire du Levant, edited by J. Cauvin and P. Sanlaville, pp. 
111-132. Paris: CNRS. 
Bradley, B. 
1975 Lithic Reduction Sequences: A Glossary and Discussion. In Lithic 
Technology, edited by E. Swanson, pp. 5-13. The Hague: Mouton. 
Brezillon, M. 
1971 La Denomination des Objets de Pierre Taillee. Paris: CNRS. 
176 
Byrd, B. 
1988 Late Pleistocene Settlement Diversity in the Azraq Basin. Paleorient 
14(2):257-262. 
Christenson, A.L. 
1986 Projectile Point Size and Projectile Aerodynamics: An Exploratory Study. 
Plains Anthropologist 31: 109-128. 
Clark, G.A. 
1984 The Negev Model for Paleoclimatic Change and Human Adaptation in the 
Levant. Annual of the Department of Antiquities of Jordan 26:225-248. 
Clark, G .A. and J. Lindly 
1989 Modem Human Origins in the Levant and Western Asia: The Fossil and 
Archaeological Evidence. American Anthropologist 91(4):962-985. 
Clark, G.A., M.P. Neely, B. MacDonald, J. Schuldenrein, and K. 'Amr 
1992 Wadi al-Hasa Project- 1992: Preliminary Report. Annual of the 
Department of Antiquities of Jordan 36: 13-23. 
Clark, G.A., D. Olszewski, J. Schuldenrein, N. Rida and J. Eighmey 
1994 Survey and Excavation in Wadi al-Hasa: A Preliminary Report of the 1993 
Field Season. Annual of the Department of Antiquities of Jordan 38:41-55. 
Coinman, N.R. 
1990 Re.figuring the Levantine Upper Paleolithic: A Comparative Examination of 
Lithic Assemblages from the Southern Levant. Ph.D. Dissertation, Arizona 
State University. Ann Arbor: University Mirofilms International. 
1993 WHS 618 -Ain al-Buhira: An Upper Paleolithic Site in the Wadi al-Hasa, 
West-Central Jordan. Paleorient 19(2):17-37. 
1997a The Upper Paleolithic of Jordan: Evidence from the Wadi el-Hasa and 
South Jordan. In Studies in the History and Archaeology of Jordan VI, pp. 
209-217. Amman: Department of Antiquities of Jordan. 
1997b Upper Paleolithic Technologies: Core Reduction Strategies. In The 
Prehistory of Jordan II: Perspectives from 1997. Studies in Early Near 
Eastern Production, Subsistence and Environment 4, edited by H. Gebel, Z. 
Kafafl and G. Rollefson, pp. 111-124. Berlin: Ex Oriente. 
1998a (editor) The Archaeology of the Wadi al-Hasa, West-Central Jordan, Vol. I. 
Surveys, Settlement Patterns and Paleoenvironments. Arizona State 
University Anthropological Research Papers 50. Tempe: Arizona State 
University. 
1998b The Upper Paleolithic of Jordan. In The Prehistoric Archaeology of Jordan, 
edited by D.O. Henry, pp. 39-63. Oxford: British Archaeological Reports 
International Series 705. 
177 
1999 Technological Continuity in the Levantine Upper Paleolithic: From El-Wads to 
Ouchtatas. Poster Presented to the 64th Annual Meeting of the Society for 
American Archaeology in Chicago, IL. 
in press (editor) The Archaeology of the Wadi al-Hasa, West-Central Jordan, Vol. II. 
Excavations at Middle, Upper and Epipaleolithic Sites. Arizona State 
University Research Papers. Tempe: Arizona State University. 
Coinman, N .R. and J .R. Fox 
in press Tor Sadaf (WHNBS 8): The Transition to the Upper Paleolithic. In The 
Archaeology of the Wadi al-Hasa, West-Central Jordan, Volume 3. Arizona 
State University Anthropological Research Papers. Tempe: ARP. 
Coinman, N.R. and D.O. Herny 
1995 · The Upper Paleolithic Sites. In Prehistoric Cultural Ecology and Evolution: 
Insights from Southern Jordan, edited by D.O. Herny, pp. 133-214. New 
York: Plenum Press. 
Coinman, N.R., D.I. Olszewski, K. Abdo, T. Clausen, J. Cooper, J. Fox, M. al-
Nahar, E. Richey and L. Saele 
in press Eastern Hasa Late Pleistocene Project: Preliminary Report on the 1998 
Field Season. Annual of the Department of Antiquities of Jordan. 
Copeland, L. 
1970 The Early Upper Paleolithic Flint Material from Levels VII-V, Antelias Cave, 
Lebanon. Berytus 19:99-143. 
1975 The Middle and Upper Paleolithic of Lebanon and Syria in the Light of 
Recent Research. In Problems in Prehistory: North Africa and the Levant, 
edited by F. Wendorf and A.E. Marks, pp. 317-350. Dallas: SMU Press. 
1981 Levallois or Non-Levallois? Reflections on Some Technical Features of 
Hummal Level IA (El-Kowm, Syria). Comison V, X Conresso, Union 
Internacional de Ciencias Prehistoricas, Mexico City: 1-25. 
1983 The Paleolithic Industries at Adlun. In Adlun in the Stone Age: The 
Excavation ofD.A.E. Garrod in the Lebanon, 1958-1963, edited by D. Roe, 
pp. 289-366. British Archaeological Reports International Series 159. 
1986 Introduction to Volume I. In Ksar Akil, Lebanon: A Technological and 
Typological Analysis of the Transitional and Early Upper Paleolithic Levels 
at Ksar Akil and Abu Halka, edited by C.A. Bergman and L. Copeland, pp. 
1-24. Oxford: British Archaeological Reports International Series 289 (i, w. . 
Cresswell, R. 
1983 Transferts de Techniques et Chaines Operatoires. Techiques et Cultures 
2:143-163. 
Crew, H.L. 
1976 The Mousterian Site of Rosh Ein Mor. In Prehistory and 
Paleoenvironments in the Central Negev, Israel, Vol. I, edited by A.E. Marks, 
pp. 75-112. Dallas: Southern Methodist University. 
178 
Demidenko, Y.E. and V.I. Usik 
1993 The Problem of Changes in Levallois Technique During the Technological 
Transition from the Middle to Upper Paleolithic. Paleorient 19(2):5-15. 
Dibble, H.L. 
1987 The interpretation of Middle Paleolithic Scraper Morphology. American 
Antiquity 52(1):109-117. 
Drennan, RD. 
1996 Statistics for Archaeologists: A Commonsense Approach. Interdisciplinary 
Contributions to Archaeology. New York: Plenum Press. 
Dibble, H.L. and 0. Bar-Yosef 
1995 (editors) Definition and Interpretation ofLevallois Technology. Madison: 
Prehistory Press. 
Emery-Barbier, A. 
1995 Pollen Analysis: Environmental and Climatic Implications. In Prehistoric 
Cultural Ecology and Evolution: Insights from Southern Jordan, edited by 
D.O. Henry, pp. 375-384. New York: Plenum. 
Ewing, J.F. 
194 7 Preliminary Note on the Excavation at the Paleolithic Site of Ksar Akil, 
Republic of Lebanon. Antiquity 21:186-196. 
Ferring, C.R. 
1988 Technological Change in the Upper Paleolithic of the Negev. In Upper 
Pleistocene Prehistory of Western Eurasia, edited by H. Dibble and A. 
Montet-White, pp. 333-348. Philadelpia: The University Museum. 
Fish, P.R. 
.1979 The Interpretive Potential of Mousterian Debitage. Arizona State University 
Anthropological Research Papers No. 15. Tempe: Arizona State University. 
Fleisch, S.J. 
1970 Les Habitats du Paleolithique Moyen u Namme (Liban). Bulletin duMusee 
Beyrouth 23:25-98. 
Flenru:ken, J.J. and AW. Raymond 
1986 Morphological Projectile Point Typology: Replication Experimentation and 
Technological Analysis. American Antiquity 51(3):603-614. 
Fox, J.R. 
1999a Tor Sada]: A Middle to Upper Paleolithic Transitional Site in the Wadi al-
Hasa, West-Central Jordan. Poster Presented to the 64 th Annual Meeting 
of the Society for American Archaeology in Chicago, IL. 
179 
1999b Human Technological Adaptation During the Middle to Upper Paleolithic 
Transition: A View from Tor Sadaj. Paper Presented to the 111 th Session of 
the Iowa Academy of Sciences in Ames, IA. 
n.d. The Early Upper Paleolithic in the Levant: A View from Tor Sadaj. Thesis 
proposal on file in the Department of Anthropology, Iowa State University. 
Fox, J.R. and N.R. Coinman . 
2000 The Origins of the Levantine Upper Paleolithic. Paper to be presented to the 
65 th Annual Meeting of the Society for American Archaeology in 
Philadelphia PA. 
in prep The Middle to Upper Paleolithic Transition and Early Ahmarian at the 
Rockshelter of Tor Sadaf. Manuscript in preparation. 
Garrod, D.A.E. 
1928 Excavation of a Paleolithic Cave in Western Judea. Palestine Exploration 
Fund Quarterly Statement 60: 182-185. 
1951 The Transitional Industry from the Base of the Upper Paleolithic in 
Palestine and Syria. Journal of the Royal Anthropological Institute 81: 121-
129. 
1955 The Mugharet el-Emireh in Lower Galilee: Type Station of the Emiran 
Industry. Journal of the Royal Anthropological Institute 85: 141-162. 
Garrod, D.A.E. and D.M.A. Bate 
1937 The Stone Age of Mount Carmel, Vol. I. Oxford: Clarendon Press. 
Gat, J. and M. Magaritz 
1980 Climatic Variations in the Eastern Mediterranean Area. 
Nat•rwissenschaften 67:80-87. 
Gilead, I. 
1981 Upper Paleolithic Tool Assemblages from the Negev and Sinai. In 
Prehistoire du Levant, edited by J. Cauvin and P. Sanlaville, pp. 331-342. 
Paris: CNRS. 
1991 The Upper Paleolithic Period in the Levant. Journal of World Prehistory 
5(2): 105-153. 
Gilead, I. and 0. Bar-Yosef 
1993 Early Upper Paleolithic Sites in the Qadesh Bamea Area, NE Sinai. 
Journal of Field Archaeology 20:265-280. 
Gladfelter, B.G. 
1990 The Geomorphic Setting of Upper Paleolithic Sites in the Wadi el-Sheikh, 
Southern Sinai. Geoarchaeology: An International Journal 5(2):99-119. 
1997 The Ahmarian Tradition of the Levantine Upper Paleolithic: The 
Environment of the Archaeology. Geoarchaeology: An International Journal 
12(4):363-393. 
180 
Goldberg, P. 
1981 Late Quaternary Stratigraphy of Israel: An Eclectic View. In Prehistoire du 
Levant, edited by J. Cauvin and P. Sanlaville, pp. 55-66. Paris: CNRS. 
Goring-Morris, A.N. 
1987 At the Edge: Terminal Pleistocene Hunter-Gatherers in the Negev and Sinai, 
Parts I and II. Oxford: BAR International Series 36l(i). 
Haller, J. 
1946 Note de Prehistoire Phenicienne: l'Abri d'Abou Halka. Bulletin du Musee 
de Beyrouth 6: 1-20. 
Hassan, F.E. 
1995 Late Quaternary Geology and Geomorphology of the Area in the Vicinity of 
Ras en Naqb. In Prehistoric Cultural Ecology and Evolution: Insights from 
Southern Jordan, edited by D.0. Herny, pp. 23-32. New York: Plenum 
Press. 
Herny, D.O. 
1989 Correlations Between Reduction Strategies and Settlement Patterns. In 
Alternative Approaches to Lithic Analysis, edited by D. Herny and G. Odell, 
pp. 139-155. 
1994 Prehistoric Cultural Ecology in Southern Jordan. Science 265:336-341. 
1995 (editor) Prehistoric Cultural Ecology and Evolution: Insights from Southern 
Jordan. New York: Plenum Press. 
1998 Intrasite Spatial Patterns and Behavioral Modernity: Indications from the 
Late Levantine Mousterian Rockshelter of Tor Faraj, Southern Jordan. In 
Neandertals and Modem Humans in Western Asia, edited by T. Akazawa 
and 0. Bar-Yosef, pp. 127-142. New York: Plenum Press. 
Herny, D.O., C.V. Haynes and B. Bradley 
1976 Quantitative Variations in Flaked Stone Debitage. Plains Anthropologist 
21:57-61. 
Herny, D.O. and C. Shen 
1995 The Madamaghan Sites. In Prehistoric Cultural Ecology and Evolution: 
Insights.from Southern Jordan, edited by D.O. Henry; pp. 295-317. New 
York: Plenum. 
Horowitz, A. 
1976 · Late Quaternary Environments of Prehistoric Settlements. In Prehistory 
and Paleoenvironments in the Central Negev, Israel Vol. I, edited by A.E. 
Marks, pp. 54-57. Dallas: Southern Methodist University Press. 
1979 The Late Quaternary of Israel. New York: Academic Press. 
1983 Boker Tachtit and Boker: The Pollen Record. In Prehistory and 
Paleoenvironments of the Central Negev, Israel, Vol. III, edited by A.E. 
Marks, pp. 63-68. Dallas: Southern Methodist University Press. 
181 
Hovers, E. 
1997 Variability of Levantine Mousterian Assemblages and Settlement Patterns: 
Implications for the Development of human Behavior. Unpublished Ph.D. 
Dissertation. Jerusalem: Hebrew University. 
1998 The Lithic Assemblages of Amud Cave: Implications for Understanding the 
End of the Mousterian in the Levant. In Neandertals and Modem Humans 
in Western Asia, edited by T. Akazawa and 0. Bar-Yosef, pp. 143-163. 
New York: Plenum. 
Hovers, E., Y. Rak and W.H. Kimbel 
1991 Amud Cave - The 1991 Season. Journal of the Israel Prehistoric Society 
24:152-157. 
Jelinek, A.J. 
1981a The Middle Paleolithic in the Southern Levant from the Perspective of the 
Tabun Cave, Mount Carmel (Israel). In Prehistoire du Levant, edited by J. 
Cauvin and P. Sanlaville, pp. 265-280. Paris: CNRS. 
1981 b The Middle Paleolithic of the Levant: Synthesis. In Prehistoire du Levant, 
edited by J. Cauvin and P. Sanlaville, pp. 299-302. Paris: CNRS. 
Jones, M., A.E. Marks and D. Kaufman 
1983 Boker: The Artifacts. In Prehistory and Paleoenvironments of the Central 
Negev, Israel, Vol. III, edited by A.E. Marks, pp. . Dallas: Southern 
Methodist University Press. 
Kaufman, D. 
1987 Interassemblage Variability of Metric Attributes from Lithic Assemblages 
of the Late Upper Paleolithic oflsrael. MitekufatHa' even 20:37-49. 
1999 Archaeological Perspectives on the Origins of Modem Humans: A View from 
the Levant. Westport, CT: Bergin and Garvey. 
Kaufman, A, Y. Yechieli and M. Gardosh 
1992 Reevaluation of the Lake-Sediment Chronology in the Dead Sea Basin, 
Israel, Based on New 23°TH/U Dates. Quaternary Research 38:292-304. 
Keeley, L.H. 
197 4 Technique and Methodology in Microwear Studies. World Archaeology 
5:323-326. 
Kerry, K. 
1997 Jebel Humeima: A Preliminary Lithic Analysis of an Ahmarian and 
Levantine Mousterian Site in Southwest Jordan. In The Prehistory of 
Jordan II: Perspectives.from 1997, edited by H.G. Gebel, Z. Kafafi and G. 
Rollefson, pp. 129-130. Studies in Near Eastern Production, Subsistence 
and Environment 4. Berlin: Ex Oriente. 
182 
Kuhn, S. 
1992 On Planning and Curated Technologies in the Middle Paleolithic. Journal 
of Anthropological Research 48(3): 185-214. 
1995 A Perspective on Levallois from a "Non-Levallois" Assemblage: The 
Mousterian Site of Grotta Brueil (Monte Circeo, Italy). In The Definition 
and Interpretation of Levallois Technology, edited by H. Dibble and 0. Bar-
Yosef, pp. 157-170. 
Lemonier, P. 
1992 Elements for an Anthropology of Technology. Ann Arbor: University of 
Michigan Museum of Anthropology. 
Lindly, J.M. and G.A. Clark 
1987 A Preliminary Lithic Analysis of the Mousterian Site of Ain Difla (WHS 
634), in the Wadi Ali, West Central Jordan. Proceedings of the Prehistoric 
Society 53:279-292. 
MacDonald, B. 
1988 The Wadi el-Hasa Archaeological Survey 1979-1983, West-Central Jordan. 
Waterloo: Wilfred Laurier. 
MacDonald, B., E. Banning and L. Pavlish 
1980 The Wadi el Hasa Survey, 1979: A Preliminary Report. Annual of the 
Department of Antiquities of Jordan 24: 169-183. 
MacDonald, B., G. Rollefson, E. Banning, B. Byrd and C. D'Annibale 
1983 The Wadi el-Hasa Survey, 1982: A Preliminary Report. Annual of the 
Department of Antiquities of Jordan 27:311-324 
MacDonald, B., G. Rollefson and D. Roller 
1982 The Wadi el-Hasa Survey 1981: A Preliminary Report. Annual of the 
Department of Antiquities of Jordan 26:117-131. 
Macumber, P.G. and M.J. Head 
1991 Implications of the Wadi al-Hammeh Sequences for the Terminal Drying of 
Lake Lisan, Jordan. Paleogeography Paleoclimatology and Paleoecology 
84:163-173. 
Marks, A.E. 
1976 (editor) Prehistory and Paleoenvironments of the Central Negev, Israel, Vol. 
I. Dallas: Southern Methodist University Press. 
1977 (editor) Prehistory and Paleoenvironments of the Central Negev, Israel, Vol. 
II. Dallas: Southern Methodist University Press. 
1981a The Middle Paleolithic of the Negev. In Prehistoire du Levant, edited by J. 
Cauvin and P. Sanlaville, pp. 287-298. Paris: CNRS. 
1981 b The Upper Paleolithic of the Negev. In Prehistoire du Levant, edited by J. 
Cauvin and P. Sanlaville, pp. 343-352. Paris: CNRS. 
183 
1983a (editor) Prehistory and Paleoenvironments of the Central Negev, Israel, Vol. 
III. Dallas: Southern Methodist University Press. 
1983b The Middle to Upper Paleolithic Transition in the Levant. In Advances in 
World Archaeology Vol. II, edited by F. Wendorf and A.E. Close, pp. 51-98. 
New York: Academic Press. 
1989 Early Mousterian Settlement Patterns in the Avdat/ Aqev Area. In 
L'Homme de Neandertal, edited by M. Otte, pp. 115-126. ERAUL 33. 
Liege: Universite de Liege. 
1990 The Middle and Upper Paleolithic of the Near East and the Nile Valley: The 
Problem of Cultural Transformations. In The Emergence of Modem 
Humans: An Archaeological Perspective, edited by P. Mellars, pp. 56-80. 
Edinburgh: Edinburgh University Press. 
1992 Upper Pleistocene Archaeology and the Origin of Modern Man: A View 
from the Levant and Adjacent Areas. In The Evolution and Dispersal of 
Modem Human in Asia, edited by T. Akazawa, pp. 229-252. Tokyo: 
University Museum. 
Marks, A.E. and C.R. Ferring 
1983 · The Early Upper Paleolithic of the Levant. In The Early Upper Paleolithic, 
Evidence from Europe and the Near East, edited by J. Hoffecker and C. 
Wolf, pp. 43-72. Oxford:British Archaeological Reports International 
Series 437. 
Marks, A.E. and D. Freidel 
1977 Prehistoric Settlement Patterns in the Avdat/ Aqev Area. In Prehistory and 
Paleoenvironments of the Central Negev, Israel, Vol. II, edited by A.E. 
Marks, pp. 131-158. Dallas: Department of Anthropology, Southern 
Methodist University. 
Marks, A.E. and D. Kaufman 
1983 Boker Tachtit: The Artifacts. In Prehistory and Paleoenvironments of the 
Central Negev, Israel, Vol. III, edited by A.E. Marks, pp. 69-126. Dallas: 
Southern Methodist University Press. 
Marks, A.E. and K. Monigal 
1995 Modeling the Production of Elongated Blanks from the Early Levantine 
Mousterian at Rosh Ein Mor. In The Definition and Interpretation of 
Levallois Technology, edited by H.L. Dibble and 0. Bar-Yosef, pp. 267-278. 
Madison: Prehistory Press. 
Marks, A.E. and P. Volkman 
1983a The Mousterian of Ksar Akil: Levels XXVIA through XXVIIIB. Paleorient 
12(1):5-20. 
1983b Changing Core Reduction Strategies: A Technological Shift from the 
Middle to Upper Paleolithic in the Southern Levant. In The Mousterian 
Legacy, edited by E. Trinkaus, pp. 13-33. Oxford: British Archaeological 
Reports International Series 164. 
184 
Meignen, L. 
1994 Le Paleolithiique Moyen au Proche-Orient: Le Phenomene laminaire. In 
Les Industries Laminaires au Paleolithique Mayen, edited by S. Revillion 
and A. Tuffreau, pp. 125-159. Paris: CNRS. 
1995 Levallois Lithic Production Systems in the Middle Paleolithic of the Near 
East: The Case of the Unidirectional Method. In The Definition and 
Interpretation of Levallois Technology, edited by H. Dibble and 0. Bar-
Yosef, pp. 361-380. Madison: Prehistory Press. 
1998 Hayonim Cave Lithic Assemblages in the Context of the Near Eastern 
Middle Paleolithic. In Neandertals and Modem Humans in Western Asia, 
edited byT. Akazawa and 0. Bar-Yosef, pp. 165-180. New York: Plenum. 
Meignen, L. and 0. Bar-Yosef 
1991 Les Outillage Lithiques Mousteriens de Kebara. In Le Squelette 
Mousterienne de Kebara 2, edited by 0. Bar-Yosef and B. Vandermeersch, 
pp. 49-76. Paris: CNRS. 
1992 Middle Paleolithic Variability in Kebara Cave, Mount Carmel, Israel. In 
The Evolution and Dispersal of Modem Humans in Asia, edited by T. 
Akazawa, K. Aoki and T. Kimura, pp. 129-148. Tokyo: Hokushen-sha 
Press. 
Mellars, P. 
1989 Technological Changes at the Middle to Upper Paleolithic Transition: 
Economic, Social and Cognitive Perspectives. In The Human Revolution: 
Behavioural and Biological Perspectives on the Origins of Modem Humans, 
edited by P. Mellars and C. Stringer, pp. 338-365. Princeton: Princeton 
University Press. 
Mercier, N., H. Valladas, G. Valladas, J.L. Reyss, A. Jelinek, L. Meignen, and J.L. 
Joron 
1995 TL Dates of Burnt Flints from Jelinek's Excavations at Tabun and their 
Implications. Journal of Archaeological Science 22:495-510. 
Munday, F.C. 
1976 Intersite Variability in the Mousterian Occupation of the Avdat/ Aqev Area. 
In Prehistory and Paleoenvironments in the Central Negev, Israel, Vol. 
!,edited by A.E. Marks, pp. 113-140. Dallas: Southern Methodist 
University Press. 
Neuville, R. 
1934 Le Prehistoire de Palestine. Revue Biblique 43:237-259. 
1951 Le Paleolithique et le Mesolithique de Desert de Judee. Paris: Masson. 
Newcomer, M. 
1975 "Punch Technique," and Upper Paleolithic Blades. In Lithic Technology, 
edited by E. Swanson, pp. 97-102. The Hague: Mouton. 
185 
Nishiaki, Y. 
1989 Early Blade Industries in the Levant: The Placement of Douara IV Industry 
in the Context of the Levan tine Early Middle Paleolithic. Paleorient 
15:215-29. 
Odell, G.H. 
1979 A New Improved System for the Retrieval of Functional Information from 
Microscopic Observation of Chipped Stone Tools. In Lithic Use-Wear 
Analysis, edited by B. Hayden, pp. 329-344. New York: Academic Press. 
Ohnuma, K. and C.A. Bergman 
1990 A Technological Analysis of the Upper Paleolithic Levels (XXV-VI) of Ksar 
Akil, Lebanon. In The Emergence of Modem Humans: An Archaeological 
Perspective, edited by P. Mellars and C. Stringer, pp. 91-138. Edinburgh: 
Edinburgh University Press. 
Olszewski, DJ., G.A. Clark and S. Fish 
1990 WHS 784X (Yutil al-Hasa): A Late Ahmarian Site in the Wadi Hasa, West-
central Jordan. Proceedings of the Prehistoric Society 56:33-49. 
Olszewski, D.I. and N.R. Coinman 
1998 Settlement Patterning During the Late Pleistocene in the Wadi al-Hasa, 
West-Central Jordan. In The Archaeology of the Wadi al-Hasa, West-
Central Jordan, Volume I, edited by N.R. Coinman, pp. 177-204. Tempe: 
Arizona State University Anthropological Research Papers. 
Olszewski, D.I., N.R. Coinman, J. Schuldenrein, T. Clausen, J. Cooper, J. Fox, 
J.B. Hill, M. al-Nahar, and J. Williams 
1998 The Eastern al-Hasa Late Pleistocene Project: A Preliminary Report on the 
1997 Season. Annual of the Department of Antiquities of Jordan 41: 1-21. 
Olszewski, DJ., M. Stevens, M. Glass, RF. Beck, J. Cooper and G.A. Clark 
1994 The 1993 Excavations at Yutil al-Hasa (WHS 784), An Upper/Epi-
Paleolithic Site in West-Central Jordan. Paleorient 20/2: 179-161. 
Phillips, J. 
1987 Upper Paleolithic Hunter-Gatherers in the Wadi Feiran, Southern Sinai. 
In The Pleistocene Old World, edited by Olga Soffer, pp. 169-182. New 
York: Plenum. 
1988 The Upper Paleolithic of the Wadi Feiran, Southern Sinai. Paleorient 
2(2):4 77-482. 
Renfrew, C. 
1978 The Anatomy of Innovation. In Approaches to Social Archaeology, edited 
by C. Renfrew, pp. 390-418. Cambridge: Harvard University Press. 
186 
Ronen, A. and B. Vandermeersch 
1972 Paleolithic Industries: Upper Acheulian, Early Paleolithic Flake Industries, 
Middle Paleolithic. In The Quaternary of Israel, edited by A. Horowitz, pp. 
300-305. New York: Academic Press. 
Schick, T. and M. Stekelis 
1977 Mouserian Assemblages in Kebara Cave, Mount Carmel. Eretz-Israel 
13:97-149. 
Schroeder, B. 
1969 The Lithic Industries .from Jeif Ajla and their Bearing on the Problem of the 
Middle to Upper Paleolithic Transition. Ph.D. dissertation, Columbia 
University. 
Schuldenrein, J. 
1998 Geomorphology and Stratigraphy of the Prehistoric Sites Along the Wadi 
al-Hasa. In Prehistoric Archaeology of the Wadi al-Hasa, West-Central 
Jordan, Vol. I, edited by N.R. Coinman, pp. 205-228. Anthropological 
Research Papers 51. Tempe: Arizona State University. 
Schuldenrein, J. and G .A. Clark 
1994 Landscape and Prehistoric Chronology of West-Central Jordan. 
Geoarchaeology: An International Journal 9(1):31-55. 
·schwarcz, H.P. and W.J. Rink 
1998 Progress in ESR and U-Series Chronology of the Levantine Paleolithic. In 
Neandertals and Modem Humans in Western Asia, edited by T. Akazawa 
and 0. Bar-Yosef, pp. 57-68. New York: Plenum Press. 
Sellet, F. 
1995 Levallois or Not Levallois, Does it Really Matter? Learning From and 
African Case. In Definition and Interpretation of LevaUois Technology, 
edited by H.L. Dibble and 0. Bar-Yosef, pp. 25-40. Madison: Prehistory 
Press. 
Shackleton, N.J. and N.D. Updyke 
1973 Oxygen Isotope and Palaeomagnetic Stratigraphy of Equatorial Pacific 
Core V28-238: Oxygen Isotope Temperatures and Ice Volumes on a 105 
and 106 Year Scale. Quaternary Research 3:39-55. 
Shea, J.J. 
1988 Spear Points from the Middle Paleolithic of the Levant. Journal of Field 
Archaeology 15:441-450. 
1995 Lithic Microwear Analysis of Tor Faraj Rockshelter. In Prehistoric Cultural 
Ecology and Evolution: Insights .from Southern Jordan, edited by D.O. 
Henry, pp. 85-105. New York: Plenum. 
187 
1998 Neandertal and Early Modern Human Behavioral Variability: A Regional 
Scale Approach to Lithic Evidence for Hunting in the Levantine 
Mousterian. Current Anthropology 39:S45-S78. 
Solecki, R.L. and RS. Solecki 
1995 The Mousterian Industries ofYabrud Shelter I: A Reconsideration. In The 
Definition and Interpretation of Levallois Technology, edited by H.L. Dibble 
and 0. Bar-Yosef, pp. 381-398. New York: Plenum. 
de Sonneville-Bordes and J. Perrot 
1954-1956 Lexique Typologique du Paleolithique Superieur. Bulletin de la 
Societe Prehisorique Francaise 51:327-335, 52:76-79, 53:408-412, 547-
559. 
Speth, J.D. 
1972 Mechanical Basis on Percussion Flaking. American Antiquity 37:34-60. 
Stekelis, M. 
1954 Nouvelles fouilles dans la Grotte de Kebarah. In Cronica del N Congreso 
Intemacional de Ciencias Prehistoricas y Protohistoricas, Madrid, pp. 385-
389. 
Sullivan, A. and K. Rosen 
1985 Debitage Analysis and Archaeological Interpretation. American Antiquity 
50(4):755-779. 
Tixier, J. 
197 4 Glossary for the Description of Stone Tools with Special Reference to the 
Epipaleolithic of the Maghreb. Newsletter of Lithic Technology: Special 
Publication Number 1. Washington State University. 
Thomas, D.H. 
1978 Arrowheads or Atlatl Darts: How the Stones Got the Shaft. American 
Antiquity 43:461-472. 
1986 Points on Points: A Reply to Flenniken and Raymond. American Antiquity 
51(3):619-626. 
Van Andel, T.H. 
1989 Late Quaternary Sea-Level Changes and Archaeology. Antiquity 63:733-
745. 
Van Buren, G.E. 
197 4 Arrowheads and Projectile Points. Garden Grove: Arrowhead Publishing 
Company. 
188 
Van Peer, P. 
1995 Current Issues in the Levallois Problem. In Definition and Interpretation of 
Levallois Technology, edited by H.L. Dibble and 0. Bar-Yosef, pp. 1-9. 
Madison: Prehistory Press. 
Volkman, P. 
1983 Boker Tachtit: Core Reconstructions. In Prehistory and Paleoenvironments 
of the Central Negev, Israel, Vol. III, edited by A.E. Marks, pp. ·127-190. 
Dallas: Southern Methodist University Press. 
Volkman, P. and D. Kaufman 
1982 A Reassessment of the Emireh Point as a Possible Type Fossil for the 
Technological Shift from the Middle to Upper Paleolithic. In The 
MousterianLegacy, edited by E. Trinkaus, pp. 35-52. Oxford: British 
Archaeological Reports International Series 164. 
Whittaker, 
1994 Flintknapping: Making and Understanding Stone Tools. Austin: University 
of Texas Press. 
Williams, J.K. 
1997a A Lithic Examination of Tor Aeid: A Middle and Upper Paleolithic 
Rockshelter in Southern Jordan. Unpublished Master's Thesis, University 
of Tulsa. 
1997b Tor Aeid: An Upper Paleolithic Occupation in Southern Jordan. In The 
Prehistory of Jordan II: Perspectives from 1997. Studies in Early Near 
Eastem Production, Subsistence and Environment 4, edited by H. Gebel, Z. 
Kafafi and G. Rollefson, pp. 137-148. Berlin: Ex Oriente. 
Yechieli, Y., M. Magaritz, Y. Levy, U. Weber, U. Kafri, W. Woelfli and G. Bonani 
1993 Late Quaternary Geological History of the Dead Sea Area, Israel. 
Quaternary Research 39:59-74. 
